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SUMMARY 
The agricultural production of food and feed on an economically 
competitive basis needs an ever-increasing pesticide input. The chemical plant 
protection is profit induced poisoning of the environment i.e. although many 
pesticides are injurious to humans, domestic animals, plants or wildlife, their 
usage is indispensable for protection of food plants and animals from diseases. 
Several pesticides and their metabolites are not only highly toxic to warm-
blooded animals but they are also persistent in nature. It has also been found 
that pesticides induce carcinogenecity. mutagenecity and teratogenecity. The 
pesticides concentration in our environment is increasing day by day due to 
their repeated and indiscriminate use. Hence to meet the worldwide problem of 
environmental protection and pollution control, it is necessary to detect. 
separate, identify and determine the pesticide residues in our environment as 
well as lo lake proper steps for their control or removal. 
Several non-instrumental and instrumental methods are being used 
for pesticide residue analysis. The instrumental methods are rapid and ultra-
sensitive but they are not available in many laboratories due to their high cost. 
sophistication and lack of repair facilities in third world countries. Therefore, 
there is a growing interest in developing new, simple, inexpensive and 
sensitive methods for pesticide residue analysis. 
The work described in this thesis is in the area of synthesis and 
analysis of some dithiocarbamate pesticides. 
Chapter I, an introductory part of the thesis, describes the 
classification and mode of action of different types of pesticides. The reported 
methods of analysis and synthesis of several dithiocarbamates have been 
summarized in this chapter. It has also been reported that dithiocarbamates are 
widely used as fungicides. However, they have also been utilized as additive in 
lubricating oils, sulphur vulcanization, chelating agents, pre-concentration of 
heavy metals from seawater etc. 
Chapter II describes a new chromatographic spot test for the on-field 
detection of mancozeb. Copper (II) chloride-acetic acid is used as the reagent. 
This test is selective and can be used successfully for the detection of 
mancozeb in water and soil extracts. The lower limit of detection is 15 |ig. The 
analytical results of detection of mancozeb are given in Table 1. 
A new colour reaction based on the formation of black lead sulphide 
by treatment of mancozeb with alkaline plumbite solution has been described 
in Chapter III. The lower limit of detection on a silica gel plate is 0.45fig spot" . 
Pesticides such as bavistin. carbaryl, chloropyrifos. malathion, phamidon-85. 
trichloroacetic acid do not interfere. This test can be utilized for the detection 
of mancozeb in soil and vegetation. The results obtained are recorded in 
Table 2. 
Chapter IV describes a new volumetric method deveioped for the 
standardization of mancozeb formulations. In this method versenate has been 
used as the titrant in presence of ammonia buffer (pH 10) and Erichrome Black 
T as an internal indicator. The analytical data obtained are given in Table 3. 
The new dithiocarbamates such as zinc dimethyldithiocarbamate. 
zinc morpholinedithiocarbamate. zinc diphenyldithiocarbamate. manganese 
dimethyldithiocarbamate, manganese morpholinedithiocarbamate and 
manganese diphenyldithiocarbamate have been synthesized. Their fungicidal 
behaviour has been studied by inhibition zone method on fungi 
Helminlhosporhtm goffybii and Alternaria solani. The results obtained are 
discussed in Chapter V and Table 4. 
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In chapter VI attempts have been made for the first time to fit RM 
data of thin-layer chromatography of herbicides: p-chlorophenoxyacetic acid, 
gallic acid, indole-3-acetic acid, a-naphthaleneacetic acid etc. on different 
stationary phases in several mobile phases to the multilinear retention model. 
The results are recorded in fables 5 and 6. 
Tablet: Detection of mancozeb (75u.g) in presence of foreign 
substances at room temperature 
Substances (Colour) 
A. ACIDS 
Barbituric acid (LY) 
Gallic acid (LB) 
Hippuric acid 
Isocitric acid 
Malic acid 
Phthalic acid 
Succinic acid 
Sulphanilic acid 
Tartaric acid 
B. ALCOHOLS 
1 -Butanol 
Ethanol 
Methanol 
2-Propanol 
C. ALDEHYDLS 
Benzaldehyde(LY) 
4-Dimethylaminobenzaldehyde 
(VLB) 
m-Nitrobenzaldehyde(LY) 
Vanillin 
Colour 
AqLa 
VLGrBl 
LB 
LB1 
LB1 
LB1 
LB1(T) 
LB1 
LB1 
VLGrB 1 
Bl 
Bl 
Bl 
Bl 
LB1(T) 
LB1 
LGrB 1 
LGrBl 
OrgLa 
LB 
B with DB at 
junction 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LY 
LB 
LY 
VLB 
(Table 1 contd.) 
Substances (Colour) Colour 
AqLa OraLa 
D. AMIDES 
Dimethyl Ibrmamide 
Salicylamide 
Thiourea 
Urea 
LB1 
GrBl 
LGrBl(T) 
LB1 
LB 
LB 
VLB 
VLB 
E. AMINES 
Aniline (R) 
Diethylaniline(DR) 
Indole(LY) 
Nicotine (DR) 
Triinethvlamine 
G(T) 
LB1(T) 
LB1 
YG with Bppt 
LB1 
LY with DBppt 
DR 
LY 
OB 
LB 
F. ETHER 
Diethyl ether LB i VLB 
G. HETEROCYCLIC BASE 
Pyridine(LY) DB1 LB 
H. HYDROCARBONS 
Benzene 
Carbontetrachloride 
Chlorobenzene 
Nitrobenzene (LY) 
o-Toluidine 
Paraffin 
Bl 
LGrBl 
LB1 
LB1 
LB1 
LB1 
LB 
LB 
LB 
LB 
LB 
LB 
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(Table 1 contd.) 
Substances (Colour) 
KETONES 
Acetone B1 
Acetophenone(l.Y) Bl 
MINERAL ACIDS 
Hydrochloric acid VLB! 
Sulphuric acid VLB! 
K. PESTICIDES 
a) Carbamate Pesticides 
Bavistin (Suspension) LGrB 
Carbaryl (Suspension) LGrB 
b) Carboxylic Pesticides 
Indole-3-acetic acid LGrB 
Phenoxyacetic acid LGrB 
c) Chlorine Containing 
Pesticides 
Trichloroacetic acid (LY) VLB1 
d) Phosphorus Containing 
Pesticides 
Phamidon-85(Ma) DB1 
L.PHKNOI. AND THEIR 
DERIVATIVES 
Catechol (B) LBI 
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(Table 1 contd.) 
Substances (Colour) 
4-ChlorophenoI 
l-Naphthol(B) 
2-Naphthol (VLB) 
o-Nitrophenol (0) 
Orcinol ( R ) 
Phenol(LOB) 
p-Nitrophenol (BtY) 
Resorcinol (B) 
M. SOAPS AND DETERGENTS 
Lux (P) 
Rin(Bl) 
SurfTBl) 
Vim(Suspension) 
N. SOILS 
Soil 1 (Mathura) 
Soil 2 (Agra) 
Soil 3 (Aligarh) 
Soil 4 (Banswara) 
Soil 5 (Jaipur) 
Colour 
AqLa 
LBl 
LB1(T) 
LBl 
LGrBl 
VLO 
LBl 
LG 
VLGrBl 
Bl-W(T) 
B1(T) 
B1(T) 
LB(T) 
LGrBl 
LGrBl 
LGrBl 
LGrBl 
LGrBl 
OrgLa 
VLB 
LB 
LB 
LO 
R 
LOB 
VLB 
LB 
LB1(T) 
W(T) 
W(T) 
NC 
LB 
LB 
LB 
LB 
LB 
AqLa = aqueous layer, B = brown, Bl = blue, Bl-W = bluish white, D = dark, G = 
green. Gr = greenish. L = light. Ma = magenta, NC = no colour, O = orange, 
OrgLa = organic layer, ppt = precipitate, R = red, T = turbid, V = very, W = white, 
Y = yellow. Original colour of the test substances is given in the parenthesis. 
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Table 2: Detection of mancozeb in presence of foreign substances by 
plum bite reagent 
Compounds (Colour) 
A. ACIDS 
Barbituric acid 
Hippuric acid 
Isocitric acid 
Malic acid 
Phthalic acid 
Succinic acid 
Sulphamic acid 
Sulphanilic acid 
Tartaric acid 
Thiobarbituric acid 
Colour 
Without In presence of 
mancozeb mancozeb 
(sensitvity.pg) (sensitvity. u.g) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
B. ALCOHOLS 
1-Butanol 
Ethanol 
Methanol 
1-Propanol 
NC 
NC 
NC 
NC 
Br 
Br 
Br 
Br 
C. ALDEHYDES 
Benzaldehyde 
4-Dimethylaminobenzaldehyde 
m-Nitrobenzaldehyde 
Vanillin 
NC 
NC 
NC 
NC 
LBr 
LBr 
LBr 
LBr 
(Tablc2contd.) 
Colour 
Compounds (Colour Without In presence of 
mancozeb mancozeb 
(sensitvity.f.ig) (sensitvity. u.g) 
D. AMIDES 
Dimethyl Ibrmamide 
Salicylamide 
Thiourea 
Urea 
LBr 
LBr 
LBr 
LBr 
E. AMINES 
Aniline (VLBr) 
Diethylaniline(O) 
Trimethvlamine 
NC 
LO 
NC 
Br 
Br 
Br 
F. ETHER 
Dimethyl ether NC Br 
G. HETEROCYCLIC BASE 
Pyridine* LY) NC Br 
II. HYDROCARBONS 
Benzene 
Chlorobenzene 
Nitrobenzene(LY) 
o -Toulidine 
Paraffin 
NC 
NC 
VLY 
NC 
NC 
Br 
Br 
Br 
Br 
Br 
(Tabic 2 contd. 
Compounds (Colour 
Colour 
Without In presence of 
mancozeb mancozeb 
(sensitvity. u.g) (sensitvity. u.g) 
KI.TON1 S 
Acetone 
Acetophenone(LY] 
NC 
NC 
Br 
Br 
M1NHRAL ACIDS 
Hydrochloric acid 
Nitric acid 
Sulphuric acid 
NC 
NC 
NC 
Br 
Br 
Br 
K. PHSTICIDI.S 
a) Carbamate Pesticides 
Bavistin ( PBr) 
Carbaryl (PBr) 
b) Carboxylic Pesticides 
lndole-3-aeetic acid 
Phenoxyacetic acid 
c) Chlorine Containing Pesticides 
Trichloroacetic acid 
Chloropyrifos 
d) Phosphorous Containing Pesticides 
Phamidon-85 
Malathion 
LP 
LP 
NC 
NC 
NC 
NC 
NC 
NC 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br-
io 
(Table 2 contd.) 
Colour 
Compounds (Colour) Without In presence of 
mancozeb mancozeb 
(sensitvity. u.g) (sensitvity, ug) 
L. PHENOLS AND THEIR 
DERIVATIVES 
Catechol (Br) 
4-Chlorophenol 
8-Hydroxyquinoline (LY) 
1-Naphthol 
2-Naphthol 
o-Nitrophenol (Y) 
Orcinol(PBr) 
Phenol 
p-Nitrophenol (Y) 
Resorcinol (LBr) 
M. SOAPS AND DETERGENTS 
Lux 
Rin 
Surf 
Vim 
N. SOILS 
Soil l(Mathura) 
Soil 2(Agra) 
Soil 3(Aligarh) 
Soil 4(Bans\vada) 
Soil 5(Jaipur) 
LBr 
NC 
NC 
NC 
NC 
Y 
P 
NC 
Y 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
BtBr 
Br 
Br 
Br 
Br 
LBr 
Br 
Br 
LBr 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
(Table 2 contd.) 
Compounds (Colour) 
Colour 
Without In presence of 
mancozeb mancozeb 
(sensitvity, u.g) (sensitvity, ug) 
O. SULPHATES 
Potassium hydrogen sulphate 
Potassium sulphate 
Sodium thiosulphate 
NC 
NC 
NC 
Br 
Br 
Br 
P. SULPHIDE 
Ferrous sulphide 
Sodium sulphide 
Sulphur powder 
B 
B 
NC 
B 
B 
Br 
Q. WATER 
DW 
Tap water 
NC 
NC 
Br 
Br 
B = black. Br = brown. Bt = bright, D = dark. DW = distilled water. L = light, 
NC = no colour. O = orange, P = pink, ppt = precipitate, V = very, Y =•  yellow. 
Original colour of the test substances is given in the parenthesis. 
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Table 3: Comparison of analytical data 
Amount taken 
Zn 
(ug) 
32.685 
65.370 
98.055 
130.740 
163.425 
Mn 
(Mg) 
228.544 
457.088 
685.632 
14.176 
142.720 
EDTA 
consumed 
(mL) 
0.6 
1.1 
1.5 
2.0 
2.4 
Amount 
of 
mancozeb 
found 
(mg) 
1.30 
2.35 
3.20 
4.30 
5.15 
Calculated amount of 
Zineb 
(fig) 
137.849 
275.698 
413.547 
551.396 
689.245 
Maneb 
(Mg) 
1103.576 
2207.151 
3310.727 
4414.302 
5517.877 
Calculated 
amount of 
mancozeb 
(mg) 
1.241 
2.483 
3.724 
4.966 
6.207 
% 
Differe-
nce 
- 4.54 
+ 5.66 
+ 16.37 
+ 15.49 
+20.05 
Table 4: Fungicidal activity of some dithiocarbamates by inhibition 
zone method 
Helminthosporium sp. Alternaria solani 
Compounds lOug 
(mm) 
20ug 
(mm) 
10|ig 
(mm) 
20ug 
(mm) 
Zinc dimethyldithiocarbamate 
Manganese dimethyldithiocarbamate 
Zinc morpholinedithiocarbamate 
Manganes morpholinedithiocarbamate 
Zinc diphenyldithiocarbamate 
Manganese diphenyldithiocarbamate 
Mancozeb 
Control 
14 
15 
0 
8 
0 
0 
4 
0 
20 
27 
4 
18 
0 
0 
10 
0 
3 
4 
0 
0 
0 
0 
0 
0 
10 
8 
0 
2 
0 
0 
7 
0 
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Table 5: Correlation results of RM values of 3 prototypical compounds with 7 
other herbicides (n : number of phases in correlation) on 8 to 19 
different phases 
Herbicides 
2.4-D 
GALA 
IAA 
NAPA 1 
NAPA 2 
NAXA2 
TCA 
Const. 
0.23 
-0.39 
-0.41 
-0.62 
-0.74 
0 
0.22 
p-CPHXA 
_ 
-
1.25 
-
-2.75 
0.17 
-
PHXA 
0.95 
-
-
1.54 
2.77 
0.93 
0.93 
2,4 5-T 
_ 
1.33 
-
-
2.37 
-
-
R.Squ. 
85.3 
63.6 
54.1 
58.2 
97.3 
95.9 
54.4 
Std.Dev 
0.143 
0.327 
0.222 
0.538 
0.141 
0.128 
0.309 
F-Value 
98 
16 
8 
9 
49 
48 
20 
(n) 
19 
10 
8 
7 
18 
18 
p-CPHXA = p-chlorophenoxyacetic acid. 2,4-D = dichlorophenoxyacetic acid. GALA = 
gallic acid. IAA -= indole-3-acetic acid. NAPA 1 = cc-naphthaleneacetic acid. NAPA 2 - {]-
naphthaleneacctic acid. NAXA 2 = (3-naphthoxyacetic acid. PHXA = phenoxyacetic acid. 
2,4.5-T = 2.4.5-trichlorophenoxyacetic acid, TCA = trichloroacetic acid, n = number of 
phases. 
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Table 6: Correlation results of RM values of 5 prototypical DC phases with 6 
solutes with 14 other phases 
DC 
Phases 
Aqsli 
Amol 
Butol 
Ethcoc 
Kthdet 
Ethsoap 
LeCa 1-1 
Nitbz 
SiCa 1-1 
SiCa 1-4 
SiCa 2-3 
SiCa 3-7 
SiCa 4-1 
SiCa 3-2 
a 
(LeCa2-l) 
1.34 
1.03 
0.48 
1.21 
-
-
0.16 
-
0.65 
1.14 
0.50 
0.64 
-
-
b 
(Pyrid) 
-0.11 
-1.43 
-0.32 
-
0.31 
-
0.64 
-
0.29 
-
0.25 
0.27 
0.39 
0.32 
c 
(Chlbz) 
-0.35 
0.22 
-
-
-
-0.207 
-0.05 
0.39 
-
-0.51 
-
-0.21 
0.53 
0.48 
d 
(Chlofm) 
0.51 
-2.83 
-
-
0.27 
-
0.26 
-
-
0.41 
0.44 
0.34 
-
-
e 
(Ethol) 
-0.11 
2.22 
-
-
-
-
0.04 
-
0.07 
-
-0.21 
-
-
-
R squ 
99.99 
99.99 
89.02 
99.08 
89.01 
86.38 
99.99 
99.55 
99.96 
98.26 
99.98 
99.82 
98.73 
99.68 
Std. 
Dev. 
0.002 
0.012 
0.106 
0.091 
0.101 
0.119 
0.008 
0.038 
0.017 
0.054 
0.013 
0.032 
0.117 
0.052 
F-Valuc 
10300 
4200 
16 
540 
16 
32 
3300 
2436 
56 
2600 
283 
155 
618 
Used solutes: p-CPHXA, 2.4-D. NAXA 2, PHXA, 2,4,5-T, TCA. 
Amol = amyl alcohol, Aqsli = aqueous silver nitrate, Butol = butanol, Chlbz = chlorobenzene. 
Chlofm = chloroform. Ethcoc = ethanolic coconut oil solution, Ethdet = ethanolic detergent 
solution. Ethol = ethanol. Ethsoap = ethanolic soap solution, LeCa = lead sulphatexalcium 
sulphate. Pyrid = pyridine. SiCa = silica gel G :calcium sulphate. All other abbreviations are 
defined in Table 5. 
15 
TO DEVELOP SIMPLE AND INEXPENSIVE METHODS FOR 
THE ANALYSIS OF SOME METAL CONTAINING 
CARBAMATE PESTICIDES 
THESIS SUBMITTED FOR THE AWARD OF THE DEGREE OF 
IN 
APPLIED CHEMISTRY 
BY 
SHEETAL MITAL 
DEPARTMENT OF APPLIED CHEMISTRY 
Z. H. COLLEGE OF ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2000 
CHEC2ED-2002 
::; t 
1 
. . • 
\ * 
V \ ^ ' / $ * 
T5464 
Dedicated to my 
Mother 
A I i g a r h M u s l i m U n i v e r s i t y 
Z. H. College of Engg. & Technology 
ALIGARH-202W2 (INDIA) 
Plume (0571) 400920, Extn. 456 
OePARTMENT OF APPUED CHBMtSTKY 
CERTIFICATE 
This is to certify that the thesis entitled, 'To Develop Simple and 
Inexpensive Methods for the Analysis of Some Metal Containing 
Carbamate Pesticides,' submitted for the award of the degree of Doctor of 
Philosophy in Applied Chemistry, is a faithful record of the bonafide research 
work carried out at the Department of Applied Chemistry. Zakir Husain 
College of Engineering and Technology, Aligarh Muslim University. Aligarh, 
by Mrs. Sheetal Mital under my guidance and supervision and that no part of 
it has been submitted for any other degree or diploma. 
(Dr. H.S.Rathore) 
Professor 
ACKNOWLEDGEMENTS 
I am thankful to my supervisor, Prof. H. S. Rathore, 
for his invaluable guidance and continuous interest in my 
research work, which enabled me to complete and present it in 
the form of this thesis. I place on record my sincere thanks to 
Prof. K. M. Shamshuddin, Ex-Chairman, Prof. K. G. Varshney, 
Chairman, Department of Applied Chemistry and Dr. Vinod 
Kumar, Scientist, IARI, New Delhi, for providing research 
facilities. 
I engross my appreciation to my colleagues, Sunil 
Kumar and Y. N. Singh and all my friends for their co-
operation and timely help. I am deeply indebted to my 
parents, brothers and husband for their constant 
encouragement and moral support, which smoothens my path. 
Finally, I acknowledge CSIR, New Delhi for providing me the 
financial assistance. 
SHEETAL MITAL 
CONTENTS 
List of Abbreviations (i) 
List of Publications (iv) 
List of Tables (v) 
List of Figures (vii) 
Abstract (viii 
I General Introduction 
A. Pesticides 1 
B. Classification of Pesticides 2 
1. Inorganic Pesticides 2 
2. Organic Pesticides 2 
3. Organic Pesticides Containing metal ions 2 
C. Dithiocarbamate Pesticides 3 
1. General Chemistry and Classification 3 
2. Mode of Action 11 
3. Biochemical Action 13 
4. Synthesis 18 
5. Residues Analysis 21 
6. Other Applications 26 
D. Work Done 31 
E. References 32 
II Spot Test Analysis of Pesticides: 
Detection of Mancozeb in Water 
A. Introduction 38 
B. Experimental 38 
C. Results 40 
D. Reaction Mechanism 51 
E. Discussion 51 
F. References 
III Spot Test Analysis of Pesticides: 
TLC Detection of Mancozeb 
A. Introduction 55 
B. Experimental 55 
C. Results 58 
D. Reaction Mechanism 65 
E. Discussion 67 
F. References 69 
IV Standardization of Formulated Products of Mancozeb by 
Complexation Titration with Ethylenediaminetetraacetic Acid 
A. Introduction 70 
B. Experimental 70 
C. Results 73 
D. Discussion 76 
E. References 79 
V Synthesis and Fungicidal Properties of some Transitional 
Metal Salts of Dithiocarbamic Acid 
A. Introduction 80 
B. Experimental 81 
C. Results 83 
D. Discussion 98 
E. References 101 
VI Multilinear Retention Model (RF Values) 
in TLC for use in Herbicides Analysis 
A. Introduction 102 
B. Experimental 102 
C. Results 111 
D. Discussion 120 
E. References 122 
LIST OF ABBREVIATIONS 
A" 
AIBM 
ATP 
BHC 
°C 
cm 
2.4-D 
DC 
DDT 
DMF 
DMSO 
DSC 
DTA 
ELISA 
EPR 
ESR 
g 
GALA 
GC 
GLC 
H'NMR 
HPLC 
h 
1AA 
Angstrom 
2.2- Azobisisobutronitrile 
Adenine triphosphate 
Benzene hexachloride 
Degree Celsius 
Centimetre 
2.4 - Dichlorophenoxyacetic acid 
Developmental chromatographic data 
1.1,1 -Trichloro-2.2-bis (p-chlorophenyl) ethane 
Dimethyl formamide 
Dimethylsulphoxide 
Differential scanning calorimetry 
Differential thermal analysis 
Enzyme-linked immunosorbent assay 
Electron paramagnetic resonance 
Electron spin resonance 
Gram 
Gallic acid 
Gas chromatography 
Gas-liquid chromatography 
H' Nuclear magnetic resonance 
High performance liquid chromatography 
Hour 
lndole-3-acetic acid 
IBP 
ICP-AES 
ICP-MS 
i.d. 
IR 
K 
kg 
L 
LD5(, 
M 
m' 
MEKC 
mg 
min 
niL 
mm 
m.p. 
NAPA 1 
NAPA 2 
NAXA 1 
ng 
nm 
OPCM 
Pat 
p-CPHXA 
pH 
0.0 - Diisopropyl-S-benzyl thiophosphate 
Inductively coupled argon plasma-atomic emission 
spectroscopy 
Inductively coupled argon plasma-mass spectroscopy 
Inner diameter 
Infrared 
Kelvin 
Kilogram 
Litre 
Dose required to kill 50% of the test animals 
Molar 
Metre cube 
Micellar electro-kinetic capillary chromatography 
Milligram 
Minute 
Mililitre 
Millimetre 
Melting point 
a-Naphthaleneacetic acid 
P-Naphthaleneacetic acid 
P-Naphthoxyacetic acid 
Nanogram 
nanometer 
Organic pesticides containing metal ions 
Patent 
p-Chlorophenoxyacetic acid 
Negative logarithm of hydrogen ion concentration 
PHXA 
ppm 
PMMA 
ppt 
sec 
SERS 
2.4.5-T 
TCA 
TG 
TGA 
TLC 
MB 
UV 
WP 
w/w 
XRD 
Phenoxyacetic acid 
Parts per million (w/w) 
Polymethyl methacrylate 
Parts per trillion (w/w) 
Second 
Surface enhanced Raman spectra 
2.4,5-Trichlorophenoxyacetic acid 
Trichloroacetic acid 
Thermogravimetry 
Thermal gravimetric analysis 
Thin layer chromatography 
Microgram 
Ultra-violet 
Wettable powder 
weight/weight 
X-ray diffraction 
111 
LIST OF PUBLICATIONS 
1. Spot Test Analysis of Pesticides: Detection of Mancozeb in Water. Rathore H. 
S.. Sharma R. and Mital S., Water Air Soil Pollut.. 1997. 97. 431 - 441. 
2. Spot Test Analysis of Pesticides: TLC Detection of Mancozeb. Rathore H. S. 
and Mital S.. J. Planar Chromatog.. 1997. 10. 124 - 127. 
3. Standardization of Formulated Products of Mancozeb by Complexation 
Titration with Ethylenediaminetetraacetic Acid. Rathore H. S. and Mital S.. J. 
Indian Chem. Soc. 1999. 76. 355 - 356. 
4. Detection of Pesticides on Chromatoplate. Rathore H. S. and Mital S.. Rev.. J. 
Planar Chromatog. - Mod. TLC (communicated). 
5. Multilinear Retention Model (R| Values) in TLC for use in Herbicides 
Analysis. Iqbal S. H., Rohrschneider L.. Rathore H. S. and Mital S.. Indian J. 
Chem. TechnoL 2000, 7, 1 - 6. 
6. Synthesis and Fungicidal Properties of some Transitional Metal Salts of 
Dithiocarbamic Acid, Rathore H. S.. Mital S. and Choudhary S. K.. Pesticide 
Research .1. (communicated). 
LIST OF TABLES 
Table 1.1 Chemical structure and mode of action of some organic 
pesticides containing metal ions. 4 
Table 1.2 Classification of dithiocarbamates. 10 
Table 2.1 Detection of mancozeb at different concentrations. 40 
Table 2.2 Detection of mancozeb at different pH. 41 
Table 2.3 Detection of mancozeb using different extractants at pH 6. 42 
Table 2.4 Behaviour of miscellaneous compounds with copper 
chloride- acetic acid reagent. 43 
Table2.5 Detection of mancozeb (75u.g) in presence of foreign 
substances at room temperature. 47 
Table 3.1 Lower limit of detection of mancozeb by plumbite spot test. 59 
Table 3.2 Effect of stationary'phase on the spot test. 60 
Table 3.3 Detection of mancozeb by means of different chromogenic 
reagents. 60 
Table 3.4 Detection of mancozeb in presence of foreign substances by 
plumbite reagent. 61 
Table 4.1 Comparision of analytical data. 74 
Table 4.2 EDTA titrations with different formulations by direct 
method. 75 
Table 4.3 EDTA titrations with different formulations by replacement 
method. 75 
Table 4.4 EDTA titrations with different formulations by replacement 
method without ascorbic acid. 76 
Table 5.1 Selected infrared frequencies for metal dithiocarbamates. 86 
Table 5.2 Powder X-ray data of zinc dimethyldithiocarbamate. 87 
Table 5.3 Powder X-ray data of manganese dimethyldithiocarbamate. 88 
Table 5.4 Powder X-ray data of zinc morpholinedithiocarbamate. 89 
Table5.5 Powder X-ray data of manganese morpholinedithio-
carbamate. 90 
Table 5.6 Powder X-ray data of zinc diphenyldithiocarbamate. 91 
Table 5.7 Powder X-ray data of manganese diphenyldithiocarbamate. 92 
Table 5.8 Fungicidal activity of some dithiocarbamates by inhibition 
zone method. 98 
Table 6.1 Rv values of some carboxylic acid herbicides on silica gel 
G4 (Silica gel G:Calcium sulphate :: 1:4 \v/\v). 110 
Table 6.2 Rr values of some carboxylic acid herbicides using 
propanol as mobile phase. 112 
Table 6.3 R| values of some carboxylic acid herbicides using acetone 
as mobile phase. 113 
Table 6.4 RM values of some carboxylic acid herbicides on silica gel 
G4. *" 114 
Table 6.5 RM values of some carboxylic acid herbicides using 
propanol as mobile phase. 116 
Table 6.6 RM values of some carboxylic acid herbicides using acetone 
as mobile phase. 117 
Table 6.7 Correlation results of RM values of 3 prototypical 
compounds with 7 other herbicides (n : number of phases in 
correlation) on 8 to 19 difluent phases. 118 
Table 6.8 Correlation results of RM values of 5 prototypical DC 
phases for 6 solutes with 14 other DC phases. 119 
VI 
LIST OF FIGURES 
Figure 1.1 Possible fungitoxic derivatives of ethylenebisdithio-
carbamates. 
Figure 2.1 Tentative reaction scheme. 
Figure 3.1 Tentative reaction scheme. 
Figure?. 1 Fungicidal behaviour of zinc dimethyldithiocarbamate on 
a) Helminthosporium goffybii and b) Alternaria solani by 
inhibition zone method. 
Figure5.2 Fungicidal behaviour of manganese 
dimethyldithiocarbamate on a) Helminthosporium goffybii 
and b) Alternaria solani by inhibition zone method. 
Figure5.3 Fungicidal behaviour of manganese morpholine-
dithiocarbamate on a) Helminthosporium goffybii and 
b) Alternaria solani by inhibition zone method. 
Figure5.4 Fungicidal behaviour of mancozeb on a) Helminthosporium 
goffybii and b) Alternaria solani by inhibition zone method. 
FigureS.5 Fungicidal behaviour of control on a) Helm inthosporium 
goffybii and b) Alternaria solani by inhibition zone method. 
Ficure6.1 Chemical structure of carboxvlic acid herbicides. 
vii 
ABSTRACT 
The use of pesticides is a necessary evil of the modern agro-
technology and perhaps their demand would never like to cease. Actually they are 
directed against economic pests but they also affect non-target organisms. The 
laboratory experiments have shown that some pesticides and their metabolites are 
carcinogenic, mutagenic and teratogenic. They possess accumulating tendency as 
well as persistent nature. Their concentration is increasing day by day due to their 
repeated and indiscriminate use in agriculture. Repeated use of pesticides result in 
immunity in the target pest. For example. DDT in 1945 had effectively controlled 
mosquito population but within 6 years DDT resistant mosquitoes developed. Now 
there is no effective insecticide that can kill pasture mosquito. 
Therefore, the research work presented in this thesis is related to 
develop simple and inexpensive methods of analysis, to synthesize and 
characterize some new pesticides and to fit the data of thin layer chromatography 
of some pesticides to the multilinear retention model. The thesis comprises of six 
chapters : 
In chapter I different types of pesticides and their mode of action are 
summarized in a tabular form. The pesticidal actions, different uses and methods 
of analysis of dithiocarbamate pesticides are also discussed in detail in this 
chapter. A new selective spot test is discussed in chapter II that is based on the 
formation of yellow-brown copper(II)-dithiocarbamate complex for the detection 
of mancozeb at \ig levels. Chapter III is devoted to report the details of spot-test 
analysis of mancozeb in soil and vegetation. It is also a new development in the 
area of detection of traces of dithiocarbamates. Chapter IV shows the experimental 
details and analytical data of a new volumetric method developed for the 
viii 
standardization of mancozeb formulations. In this method versenate 
(ethylenediaminetetraacetic acid) has been used as the titrant in the presence of 
Eriochrome Black T at pH 10. The procedure used for the synthesis of some new 
zinc and manganese dithiocarbamates is given in Chapter V. The results of 
fungicidal study of these compounds have also been included in this chapter. An 
attempt to fit the thin-layer chromatographic data of some herbicides to the 
multilinear retention model is discussed in the last chapter i.e. Chapter VI. 
IX 
CHAPTER I 
GENERAL INTRODUCTION 
A. PESTICIDES 
The term pesticide is derived from Latin word -cida means "to kill". 
It is defined " as any substance, preparation or organism used to protect plants 
or wood or other plant products from harmful organisms: to regulate the 
growth of plants; to give protection against the harmful creatures or to render 
such creatures harmless. Thus the term pesticide embraces large group of class 
which includes avicides, chemosterilants, defoliants, fungicides, growth 
regulators, herbicides, insecticides, nematicides, piscicides. repellants, 
rodenticides, surface biocides and wood preservatives etc. 
The pesticides have saved millions of lives by controlling human 
disease vectors, greatly increasing the yields of agricultural crops and 
protecting foodstuffs. In India agriculture is still the main source of livelihood 
and the pesticides are among the most useful tools available to man in order to 
get the crops properly grown and fruitfully harvested. Beyond any doubt the 
worldwide crisis of food has been considerably removed with the help of 
pesticides. On the other hand, usage of pesticides in agriculture has imposed 
many direct and indirect undesirable effects on the environment i.e. chemical 
plant protection is a profit induced poisoning of the environment. The 
concentration of pesticides residues in food, feed and environment are 
increasing day by day due to their continuous use in crop protection. 
The extent and seriousness of the potential hazards due to these 
chemicals still remain to be fully evaluated. The information that is available 
so far on the occurrence of residues in the various parts of the environment is 
very uneven and localized. Thus there is a genuine need of pesticide residue 
analysis in our ecosystem. Therefore, several instrumental and non-
instrumental methods have been used for the detection, separation and 
determination of pesticides in different environmental matrices. 
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B. CLASSIFICATION OF PESTICIDES 
The pesticides have been classified as follows: 
1. Inorganic Pesticides: About A.D. 70 Pliny the Elder recommended that 
arsenic could be used to kill insects, and the Chinese used arsenic sulphide as 
an insecticide as early as the late sixteenth century. Other inorganic products 
used as pesticides contain antimony, boron, copper, fluorine, manganese, 
mercury, selenium, sulphur, thallium, tin and zinc as their active ingredients. 
Although these products are not very effective for pesticidal use, many are so 
persistent in the soil that there are instances as of crops being damaged by their 
residues in the soil. 
2. Organic Pesticides: The era of organic pesticides began from 1940. These 
chemicals are so successful in controlling the pests that there is extremely rapid 
and general adoption of them and development of new ones. This has 
progressed so rapidly, that today about 1500 pesticides in the form of 10,000 
formulations are in common use around the world. Some of the commonly 
used pesticides are given below : 
a. Carboxylic acid derivatives: TCA, dalapon, 2,4-D, 2,4,5-T etc. 
b. Heterocyclic compounds: benomyl, carboxin, metalaxyl etc. 
c. Organochlorines: aldrin, BHC, DDT, endosulfan, heptachlor etc. 
d. Organonitrogens: baygon, carbaryl, carbofuran, dinocap etc. 
e. Organonitrogensulphurs: captafol, captan, folpet etc. 
f. Organophosphates: bromophos, malathion, parathion, phosphamidon etc. 
3. Organic Pesticides Containing Metal Ions: It is a relatively less familiar 
class of pesticides. The activity of these pesticides depends on the chelating 
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action of the metal ion as well as the activity of the organic matrix. Some of 
the organic pesticides containing metals ions (OPCM) are given in Table 1.1. 
C. DITHIOCARBAMATE PESTICIDES 
Amongst OPCM mentioned above, the heavy metal complexes of 
dithiocarbamate are well known fungicides. Tisdale first demonstrated the 
fungicidal possibilities of the dithiocarbamate (thiram) in 1931 in the 
laboratory of E.I. Du Pont Company. U.S.A. but the commercial production 
started about a decade later. 
It is employed in every use, i.e. contact, protective, eradicative 
known for fungicides except systemic action. It is widely used on vegetables 
like lettuce, peanuts, potatoes, tomatoes and brinjals; fruits like apples, figs, 
grapes, peaches and pears; crops like cotton, maize, paddy and wheat; 
ornamentals like chrysanthemums, black currants, carnations etc. to control 
diseases like early and late blight, gall, mildew, leaf spot, rust, scab, smut etc. 
It is used in seed and soil treatment. It is also known to use as topical ointment 
to cure dermatophytoses. 
1. General Chemistry and Classification: The fundamental building block of 
dithiocarbamate fungicides is dithiocarbamic acid. However, the 
dithiocarbamic acid itself is not known to exist in the free state since thev 
quickly decompose to simple molecules i.e. carbon disulphide and ammonia. 
S 
II 
HS — C — NH2 > CS2 + NH3 
When the substituted primary or secondary aliphatic or aromatic 
Table 1.1: Chemical structure and mode of action of some organic pesticides 
containing metal ions. 
Pesticides Properties 
. Alloxvdim-sodium 
ONa 
H,C ,S^O 
()=C-OCH. 
N-0-CH-CH=CH, a) Colourless crystals 
b) 2250-2560. > 1630 
c) Selective, systemic herbicide 
2. Aluminium phosethyl 
H 
i 
C , H , 0 - P - 0 -
II 
O 
Al 
a) Colourless crystals 
b) 5800. > 3200 
c) Systemic fungicide 
3. Azocvclotin 
a) Colourless crystals 
b) 99. > 1000 
c) Contact acaricide 
4. Calcium cvanamide 
Ca = N - C = N 
a) Grey powder 
b) 765. -
c) Herbicide, fungicide and 
defoliant 
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Pesticides Properties 
5. Dikegulac-sodium 
COON a 
a) Colourless crystals 
b) 31000, >2000 
c) Systemic plant growth regulator 
H,C CR 
6. Disodium methanearsonate 
o 
• ^ONa 
C H - A s 
"~ONa 
7. Fenaminosulf 
(CH,)^ J \-N=N-SO,Na 
a) Colourless crystals 
b) 1000,-
c) Selective post-emergence 
herbicide 
a) Yellow brown crystalline powder 
b) 60, 100 
c) Seed and soil fungicide 
8. Fentinacetate 
AcOSn 
a) Colourless crystals 
b) 125-160,450 
c) Non systemic leaf-fungicide, 
algicide and molluscicide 
9. Ferbam 
H,C, 
H,c' 
N - O S -
-•3 
Fe 
a) Black powder 
b) 4000-17000, -
c) Protective leaf - fungicide 
5 
Pesticides Properties 
10. Mancozeb 
H s 
i ii 
C K - N - C - S -
(V-N-C-S-
I II 
H S 
Mn.Zn 
- ix 
(x>l) 
a) Greyish - yellow powder 
b) 5000, > 10000 
c) Protective leaf-fungicide 
11. Maneb 
H S 
i II 
ca-N-c-s-
i -
CH - N - C - S -
^ I II 
H S 
Mn 
-ix 
(X>1) 
a) Yellow amorphous powder 
b) 7500, > 5000 
c) Protective leaf - fungicide 
12. 2-Methoxyethylmercury chloride 
C K O - C R - C R - H g - C l 
13. Metham - sodium 
R C - N - C - S N a 
H S 
a) Colourless crystals 
b) 570, -
c) Systemic fungicide 
a) Colourless crystals 
b) 820, 97 
c) Nematicide, fungicide, 
insecticide and herbicide 
14. Methyl - metiram 
H H S 
I I II 
ac-c-N-c-s-
i i . 
HjC-N-C-S-ZnCNH,)-) R C -
H S h 
H H 
1 | H C - C - N -
^ 1 
R . C - N -
1 
H 
S II 
- c - s -
- c - s -
II 
s 
a) Pale yellow powder 
b) 1540, -
c) Protective leaf - fungicide 
/x>1) and acaricide 
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Pesticides Properties 
15. Metiram 
\ f i 
\ H , C - N - C - S -
H S I II H ^ C - N - C - S -
H,C-N - C - S -Zn(NH,) - L c - N - C - S -
H S J
 H S 
-" x 
(X>1) 
a) Yellow powder 
b) 10000, > 2000 
c) Protective leaf - fungicide 
16. Nabam 
H s 
II H,C-N-C-S-Na 
"I 
RC-N-C-S-Na 
I II 
H S 
17. Naptalam 
a) Colourless crystals 
b) 395, -
c) Protective fungicide and 
algicide 
a) White crystals 
b) 1900,-
c) Selective pre-emergence 
herbicide 
18. Phenylmercury acetate 
Hg-o-COCH, 
a) Pale yellow powder 
b) 50-100, -
c) Eradicative fungicide 
19. Potassium cyanate 
K-N=C = 0 
a) Colourless crystals 
b) 841, -
c) Herbicide 
Pesticides Properties 
20. Propineb 
H H S 
i i it R C - C - N - C - S -
R C - N - C - S -
I II 
H S 
Zn 
- I X 
(x>l) 
a) Pale yellow powder 
b) 8500, > 1000 
c) Protective leaf-fungicide 
. Zineb 
H 
R C - N -
' i 
RC-N-
1 
H 
. Zin im 
s 
II 
-c-s-
-c-s-
II 
s 
Zn 
X 
(X>1) 
a) Light coloured powder 
b) >5200, > 10000 
c) Protective leaf - fungicide 
RC 
RC 
S 
-v II 
N - C - S -
Zn 
a) White powder 
b) 1400,> 20000 
c) Protective leaf - fungicide 
and repellant 
a) Physical appearance 
b) Acute oral LD (rats) and acute dermal LD (rats) in mg/kg 
c) Mode of action 
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amines are treated with carbon disulphide in alkaline solutions, substituted 
dithiocarbamic acids are produced. R| and R2 represent aryl or alkyl organic 
R, 
\ 
NH + CS, 
R2 
R 1 
\ 
-> NCSH 
/ II 
R, S 
radicals or in the case of primary amine, one of them may happen to be 
hydrogen. The hydrogen attached to sulphur dissociates and may be replaced 
by a metal having atomic no. > 20, thus producing a stable dithiocarbamates. 
R> 
NCSH 
/ II 
R2 S 
metal sal ^
 
R. 
NCS 
/ II 
R2 S 
M +x 
As shown in Table 1.2, dithiocarbamates can be divided into two 
main groups: Group I and Group II. The most noteworthy difference between 
them being that the members of Group I do not have a H- atom attached to 
carbamate -N while members of Group II have a H- atom attached to the 
carbamate -N. 
The fungicides of Group I have been further divided into two 
subgroups: 
a) metal salts or metal complexes of dialkyldithiocarbamic acid e.g. ferbam, 
ziram(9, 22: Table 1.1) 
b) oxidation product of derivatives of dimethyldithiocarbamic acid e.g. thiram. 
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Table 1.2: Classification of dithiocarbamates 
Group Chemical Designation Types of derivatives 
Dialkyldithiocarbamate 
II Bisdithiocarbamate 
Monomethyldithiocarbamate 
Metal Derivatives 
Na salt (no common name) 
Zn complex (ziram) 
Fe complex (ferbam) 
Oxidation Product 
S-S linkage (thirami 
Metal Derivatives 
Na salt (nabam) 
Zn complex (zineb) 
Mn complex (maneb) 
Mixed complex (mancozeb) 
Metal Derivatives 
Na salt (metham-Na) 
Diethyl analogues of this subgroup are medically used to treat alcoholics. 
The fungicides in Group II are ethylene derivatives. Among them, 
few-are salts like metham-sodium. nabam (13,16: Table 1.1) while other are 
metal complexes like mancozeb. maneb, zineb (10,11, 21: Table 1.1). 
Mostly all forms of dithiocarbamates are biologically inter-
convertible as sulphide forms which can be reduced to thiol or sulphur, thus 
dissociating the metal complexes. The dithiocarbamates fungicides are less 
to 
persistent (relative to organochlorine pesticides); however, there are evidences 
that they are persistent enough to have an effect on the aquatic environment. 
These fungicides tend to be somewhat unstable to heat, light and moisture. 
Solubility of these fungicides is very low in water and most organic solvents. 
2. Mode of Action: Despite the chemical similarities, there are evidences that 
dialkyldithiocarbamates and ethylenebisdithiocarbamates do not act in the 
same way. This difference is often attributed to reactivity associated with the 
N-H bond present in Group II complexes. The dialkyldithiocarbamates (Group 
I) interfere with energy production i.e. reduction in the production of ATP for 
instance ; inhibition of respiration. They also interfere with biosynthesis i.e. the 
disruption of processes forming new cellular materials needed for the growth 
and maintenance of the fungus while ethylenebisdithiocarbamates interfere 
with the biosynthesis process. Various theories have been proposed to explain 
the mode of action of dithiocarbamate fungicides but none of them explain the 
mechanism of fungicidal action satisfactorily. The chelation theory is one of 
the generally accepted theories. 
a) Dialkyldithiocarbamates: The dialkyldithiocarbamates probably owe their 
fungitoxicity to their ability to chelate with certain metal ions, thus depriving 
the cell of the needed metal ion. Recent information however indicates that a 
heavy metal ion is required for the high toxicity of these fungicides. Studies 
with the fungus Aspergillus niger have demonstrated that in the presence of 
Cu2+ ions, an increase in the concentration of sodium dimethyldithiocarbamate 
inhibits the growth at two levels : 
i) When copper to dithiocarbamate ratio is reasonably high (approximately 20:1) 
the formation of unsaturated, positively charged copper:dithiocarbamate 
complex (1:1) takes place. These complexes penetrate lipid barriers in the 
fungal cell and may be the ultimate toxicant or alternatively it may be 
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converted into free dimethyldithiocarbamate ions, which kill the fungus by 
readily complexing with vital trace metals. For example it interferes in the 
uptake of oxygen in yeast cells and it has also been shown that pyruvate 
accumulates in Aspergillus niger after treatment with sodium 
dimethyldithiocarbamate, thus fungicidal activity arises from interference with 
respiration by inactivation of the pyruvate dehydrogenase system. 
H,C S 
/ \ / 
H?C S 
i) The charged resonating 1:1 complex between Cu ions 
and dimethyldithiocarbamate 
ii) When the concentration of dithiocarbamate is further increased the 
fungicidal activity decreases due to the formation of saturated, uncharged 
H3C S S CH, 
\ / \ / \ / 
N—C Cu C—N y \ / \y \ 
H,C S S CH, 
i) The uncharged 1:2 complex between Cu ions 
and dimethyldithiocarbamate 
coppendithiocarbamate complex (1:2). This inhibition level requires high 
concentration of dimethyldithiocarbamate. When all the internal heavy metals 
have been converted to dithiocarbamate complex (1:2). excess dithiocarbamate 
accumulates and is apparently toxic in its own right, perhaps by inactivating 
sulphydryl enzymes. 
12 
b) Ethylenebisdithiocarbamate: The presence of hydrogen at the nitrogen in a 
dithiocarbamate structure considerably reduces the chemical stability of the 
ethylenebisdithiocarbamates. The mode of action of this complex probably 
involves their oxidation on the leaf surface to such products as ethylene 
thiuram disulphide, ethylene thiuram monosulphide, isothiocyanate (fungitoxic 
derivatives) by splitting off H2S or HS ions (Fig. 1.1). 
H S 
I II 
R - N - C - S H ^ H2S+ R-N=C=S 
H S 
l II 
R - N - C - S *==^ HS + R-N=C=S 
Especially in the presence of heavy metal ions these equilibria are 
forced to the right because of the formation of insoluble metal sulphides. These 
fungitoxic derivatives are known to be fungicidal by virtue of their ability to 
react with vital thiol compounds within the fungal cells and it has been 
demonstrated that the inhibitory action of nabam on fungal spore germination 
is strongly antagonized by the addition of thiols. 
3. Biochemical Action: The recently reported papers in this area are summarized 
in the following paragraphs: 
Das et al.13 have evaluated the fungicidal action against 
Colletotrichum gloeosporioides inciting blossom blight of mango. Out of the 
eight competitive fungicides evaluated in vitro condition against the casual 
organism of mango blossom blight indicated that ridomil MZ-72 
(metalaxyl+mancozeb) completely inhibits the linear mycelial growth at 
13 
H S 
I II 
C H . - N - C - S - H 
I ' 
C H . - N - C - S - H 
- I II 
H S 
-H.S 
<8)*s ^ 
\ 
C H . - N - C ^ A I - J 
C H . - N - C 
- I II 
H S 
Ethylenebisdithiocarbamate 
(as free acid) 
Ethylene thiuram monosulphide 
Oxidation 
H S 
I II 
C H . - N - C - S 
I " I 
C H . - N - C - S 
- I II 
H S 
Ethylene thiuram disulphide 
Ring opening 
V 
C H , - N = C = S 
I 
C H . - N - C - SH 
- I II 
H S 
-H.S 
C H . - N = C = S 
I 
C H , - N = C = S 
Ethylene diisothiocyanate 
+ 
HS - Enzyme 
i 
H S 
I II 
C H . - N — C - S - Enz\me 
I " 
C H . - N = c - S 
Figure I.I : Possible fungitoxic derivatives of ethylenebisdithiocarbamates 
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250 fig/mL. Mancozeb, copper oxychloride and thiram behaved as moderately 
effective even at 500jig/mL. 
Naidu and Rao14 have studied the relative efficacy of a number of 
sprays of fungicides on the control of late leaf spot in groundnut. The spray 
schedule consisting of two sprays (T2) and three sprays (T3) of mancozeb 
0.25% + carbendazim 0.1%, were significantly superior over control in 
reducing the late leaf spot severity and increasing pod and haulm yields. The 
spray schedule in T3 was found to be the best with the lowest disease severity 
and highest pod and haulm yields. The maximum pod and haulm yields 
incremental benefit cost ratio was obtained and it is suggested that treatment of 
late leaf spot of groundnut can economically be controlled by T3 spray at 15 
days interval. Thus it is a suitable treatment for recommendation to farmers. 
Control of blast disease1" caused by Pyricularia grisea with 
ediphenphos or IBP or carbendazim and also with subsequent sprays of 
mancozeb and captan has been studied using a susceptible ragi variety. All of 
the fungicidal treatments and the combination sprays decrease infection and 
improve yield in comparison to control. An initial spray of carbendazim 
(0.05%) and subsequent spraying with mancozeb (0.2%). 10 days later is 
recommended for the effective disease control. 
labka et al. have studied biochemical alterations in Bradyrhizobium 
species USDA 3187 induced by the fungicide, mancozeb which causes 50% 
decrease in the growth rate and affects the bacteria-root symbiotic interaction. 
In order to elucidate the fungicide toxicity mechanism, they determined the 
effects of mancozeb on cell chemical component, glutathione (GSH) content 
(molecule involved in the detoxification process). glutathione-S-transferase 
(GST) activity and the contents of polyamines. exopolysaccharides. capsular 
polysaccharides and liposaccharides. Mancozeb produces biochemical 
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alterations in membrane components, polysaccharides and polyamines. Inspite 
of an increase in GSH content and GST activity, they are not enough to prevent 
the growth diminution. Andres et al.17 have reported the survival and symbiotic 
properties of Bradyrhizobium iaponicwn in the presence of thiram, some of 
which maintained their capacity for nodulation and were still efficient 
symbionts while some looses the ability to stimulate nodulation. 
Lia has invented ELISA methods for the measurements of NO 
levels in mammalian body fluids utilizing monoclonal antibodies directed 
against dithiocarbamates and related iron complexes. It has been found that 
conjugation of dithiocarbamates to a macromolecule produces immunogenic 
dithiocarbamate-macromolecule derivatives. These derivatives can be used for 
the production (e.g. in rodents) of monoclonal antibodies directed against 
different forms of dithiocarbamate (e.g. free dithiocarbamate. as well as 
complexes). In contrast, non-derivatized dithiocarbamates alone are not 
immunogenic. The simple, easy and non invasive ELISA method will find a 
variety of uses e.g. for diagnosis and monitoring of NO overproduction that has 
been associated with many inflammatory and infectious diseases. 
Martinez et al.19have investigated the blockade of T-cells activation 
by dithiocarbamates which involves novel mechanisms of inhibition of their 
nuclear factor. In addition to inhibitory effect of dithiocarbamate on nuclear 
factor of T-cells they are also used as immunosuppressants. Yamaguchi and 
Hansinger have studied the substitution of the Klebsiella aerogenes urease 
active site carbamate (apoprotein) by dithiocarbamate and vandate in vitro. 
Ardito et al. have analyzed two fungicides, thiram and ziram which are 
amongst the most common residues found in fruits and vegetables. These 
compounds were tested in vitro lymphocyte cultures from 16 individuals, at 
different concentrations ( thiram 5x10"8 M, 5xl0"7 M. 5xl0"6 M and ziram 
16 
lxlO"7M, lxlO"6M, lxlO'5M ) in order to ascertain if they were able to modify 
sister chromatid exchange (SCE) and/or micronuclei frequencies. Both 
fungicides produced a significant increase in SCE and micronuclei frequencies. 
The two high doses of thiram and ziram were found to be cytotoxic for most of 
the individuals and were not included in the statistical analysis. With regard to 
the proliferation rate index (i.e. the number of 1st, 2nd, 3rd or more mitosis) no 
difference was found between controls and treated cultures. 
Fifteen dithiocarbamates22 were prepared and screened in rats for 
hypoglycemic activity and in vitro for antioxidant activity. One of them, 
sodium diethyldithiocarbamate, given orally at 400 mg/kg, lowered glucose 
levels in blood and its antioxidant activity was in the range of ascorbic acid. 
Guven et al.23 have studied the accumulation and histological effects of 
propineb and maneb in the kidneys of fetus and female Wistar rats during 
pregnancy. The analysis of zinc and manganese concentrations (using 
inductively coupled plasma-atomic emission spectroscopy) in the kidneys of 
the pregnant females exposed to these fungicides during pregnancy 
demonstrated that the metal concentrations in the kidney were higher than 
those of controls. However, the renal metal concentrations, was significantly 
increased in the litters subjected to the fungicides during gestation, indicating 
that high levels of the trace metals in the organ of the fetus may well be due to 
the fungicides easily passing the placental barrier. 
Vaccari et al.24 have studied the effect of dithiocarbamate pesticides 
on glutamate transport in brain synaptic vesicles of rat. Kuroki et al.25 have 
studied the degeneration of hair follicle epithelia in the dorsal skin of Wistar-
derived inbred hypotrichotic rats (WBN/ILA-Ht) induced by maneb. The 
dorsal skin was topically treated with 0.5% and 30% solution of maneb for 
7 consecutive days and was examined histopathologically in WBN/ILA-Ht. 
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At day one after cessation of the treatments, except for the slight inflammatory 
cell infiltration around hair follicles, no prominent histopathological changes 
were found. Two weeks after cessation of the treatment, prominent 
degeneration of epithelial cells characterized by karyorrhexis was found in the 
epithelial root sheath of hair follicles and the nuclei of such epithelial cells 
were strongly stained by the TUNEL method. Thus maneb caused delayed type 
lesions in the epithelial root sheath of the hair follicles due to apoptosis. 
Zhang and Talalay26 have investigated the mechanism of differential 
potencies of isothiocyanates as inducers of anticarcinogenic phase II enzymes. 
A number of isothiocyanates block chemical carcinogenesis in a variety of 
animal models by inhibiting phase I enzymes involved in carcinogen activation 
and by inducing phase II enzymes that accelerate the inactivation of 
carcinogens. There are large but unexplained potency differences among 
individual isothiocyanates. It has been suggested that the intracellular 
accumulation of isothiocyanates or difhiacarbamates is temperature, structure 
and glutathione dependent. Glutathione is considered to play several roles in 
the induction process. Hurley et al. have reported the mode of carcinogenic 
action of pesticides inducing thyroid follicular cell tumors in rodents. It was 
found that ethylene thiourea and mancozeb were thyroid peroxidase inhibitors. 
Erol et al.28 have studied the synthesis and antimicrobial activities of 
some dithiocarbamate derivatives of kojic acid. Tripathi et al.29 have reported 
the synthesis and spermicidal activities of several different esters of N,N-
diethyldithiocarbamic acid. Ramesh et al/° have studied antifungal activity of 
Ru(III) complexes with heterocyclic dithiocarbamates. 
4. Synthesis: Satpathy and Pradhan"1 have prepared anionic complexes of 
nickel(II) and copper(II) containing uni-negative bidentate ligands; 
complexes [M-(BB)3]M/ where M' = Me4N+, cetyl pyridinium; M=Ni(II). 
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Cu(II); BB = the uni-negative bidentate ligands like acetylacetone, picolinic 
acid, oxine and diethyldithiocarbamate. The nature of bonding and the possible 
structure of the complexes are discussed. When provided with such an anionic 
environment, Ni(II) and Cu(ll) stabilize octahedral stereochemistry. Moterelli 
et al.32 have synthesized and characterized four new bis 
(dialkyldithiocarbamates) of Zn : [Zn(S2CNMeR)2]2 (R=Et. Pr, Pr\ Bu) 
compounds by X-ray crystallographic, spectroscopic and DSC methods. Arora 
et al.JJ have synthesized metal dimethyldithiocarbamates (Mn, Fe, Co) by 
reacting sodium dimethyldithiocarbamate and corresponding metal chloride in 
stoichiometric ratio in dichloromethane : water mixture. The salts are isolated 
from organic layer and their herbicidal activities are studied. Yin et al.34 have 
synthesized dibenzyltin bisdithiocarbamates (PhCH2)2Sn(S2CR)2 and 
dibenzyltin monochloride dithiocarbamates (PhCH2)2Sn(Cl)(S2CR) where 
R=NMe2, NEt2, NBu2, piperidino, N(CH2CH2OH)2, N(Ac)Ph, NMePh, NPh2, 
N-pyrrolyl. NCOCH2CH2CO using dibenzyltin dichloride ((PhCH2)SnCl2) 
with salts of dithiocarbamic acid in dichloromethane. All these compounds are 
characterized by elemental analysis, IR and 'HNMR spectrocopy. Gimeno et 
al.35 have synthesized gold(I) and gold(III) complexes with the 1.1-
bis(diethyldithiocarbamate) ferrocene ligand. The complexes are characterized 
by XRD. Bandeira et al.36 have synthesized uranyl(VI)dithiocarbamates and 
characterized using thermal studies. Hydrated uranyl nitrate reacts with sodium 
dithiocarbamates or morpholinium dithiocarbamates to form compounds: 
U02L4.XH20 where L=(CH2)4NCS2. (CH2)5NCS2. (CH2)6NCS2. (CH2)7NCS2 
and 0(CH2)4NCS2: X=2,1,1,1 and 2 respectively. IR studies indicate that the 
dithiocarbamate groups are involved in coordination to the uranyl ions through 
the S atoms. Thermal decomposition studies in air and nitrogen under different 
experimental conditions show that the anhydrous uranyl dithiocarbamates are 
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formed when the H2O molecules are expelled; further heating in air at 437-
959 K produces the oxide U308 as final product, which has been identified by 
XRD patterns. 
Magnetically diluted systems'1 of dithiocarbamate complexes 
[Cu/Ni(II)Me(II)-Dtc] Me = Zn, Cd, Hg; Dtc = MDtc 
(dimethyldithiocarbamate) or EDtc (diethyldithiocarbamate), which model the 
structural heterogenecity have been prepared and studied by ESR and solid 
state 13C and l5N NMR spectroscopy. 
Berus et al. have synthesized mixed-ligand complexes of 
(dipropyldithiocarbamato)zinc(Il) with 1,10-phenanfhroline. 2,2-bipyridine 
and 4,4/-bipyridine. The crystal structures of I=Zn(S2CNPr2)2(2,2 biPy) and 11= 
Zn2(S2CNPr2)4(4.4biPy) are determined. Octahedral and square pyramidal 
structures are obtained for I and II respectively. All the complexes are 
characterized by DTA, TG, and TGA. Zemskova et al.40 have prepared volatile 
mixed-ligand complexes of bis(diisobutyldithiocarbamato)cadmium with 1.10-
phenanthroline. 2.2-bipyridine and 4,4-bipyridine. The complex, Cd(S2CN(i-
Bu)2)2(Phen), is monoclinic with space group C2/C. It has a distorted 
octahedral structure with a CdN4S2 coordination mode. The complexes sublime 
with heating and form oc-CdS during thermal decomposition in vacuum. 
Varand et al.41 have developed the synthetic procedures for two 
mixed-ligand compounds of Eu(III) with diethyldithiocarbamate ions and 2.2 -
bipyridine or 1.10-phenanthroline. The complexes Eu(S2CN(Et)2)3(2,2/-biP>) 
and Eu(S2CN(Et)2)3 (1,10-Phen) are characterized by XRD. 
Ivanov et al.42 have prepared clatharates of bis(diethyldithio-
carbamato)(pyridine)zinc(II) and bis(diethyldithiocarbamato)(pyridine)copper 
(II) by dissolution of zinc and copper diethyldithiocarbamate in benzene in the 
presence of pyridine respectively. The structure of the clatharates has been 
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studied by high resolution ESR, l3C and l5N NMR in the solid state and by 
X-ray crystal structure analysis. Cao et al. have synthesized cluster 
compounds with MoCu4 core. The reaction of [Et4N]2[MoSe4] and CuL in 
Py/DMF at room temperature gave complexes of [MoCu4Se4L2(Py)6] where 
L=C1, Br, CN while the reaction of [K2(MoOS3)], CuCl2, EL,NBr and 
NaS2CNMe2 in DMF afforded compound (Et4N)2[MoCu4S4(S2CNMe2)4]. X-
ray crystallography and IR characterize the structures. Drew et al.44 have 
developed new synthetic pathway to mono- and bis-indenyl(r|5-C9H7) 
complexes of molybdenum(IV) and determined by single crystal X-ray 
diffraction. Volkov et al.45 have synthesized {Mo3(u.3-S)(fi2-
S2)3[(C2H5)2NCS2]3+[C2B9Hi2]} compound comprising of two cluster 
fragments; the thio complex of the triangular Mo-cluster with 
diethyldithiocarbamate ligands and cluster derivatives of o-carborane(12), 
C2B9Hi2 • The [C)2H25NC5H5][C2B9Hi2] salt solution in dichloromethane was 
used as starting substance, rendering the reaction more facile. This air stable 
product has been characterized by IR, Raman and ' 'B NMR. 
5. Residues Analysis: 
a) Spot tests: Spot tests are simple, sensitive, selective or specific, inexpensive 
and rapid. This spot test analysis has been found to be extremely useful for the 
preliminary on-field detection of pesticides. Generally, a preliminary7 
examination of a test material is required before undertaking costly and 
sophisticated quantitative analysis in order to minimize time and operation 
costs. Recently, the following tests have been developed for the detection and 
semi-quantitative determination of pesticide residues in environmental 
samples. 
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A paper spot test has been developed for the detection of carbaryl 
in water. To carry out this test a paper strip impregnated with sodium 
hydroxide was spotted with carbaryl and then it was treated with 2,6-
dichloroquinone-6-chloroimine. A violet spot appears if carbaryl is present. 
The lower limit of detection is found to be 0.06 ug/spot. A new spot test has 
been developed for the on-field detection of dithiocarbamate fungicides at fig 
levels in the soil, water and vegetation47. Diethanolamine in the presence of 
copper-ammonia complex on cation exchange resin beads has been used as a 
chromogenic reagent. Padalikar et al.48 have reported a TLC spot test for the 
determination of carbaryl. Silica gel G coated TLC plates spotted with 
carbaryl gives violet colour on treating with copper(II)chloride solution 
followed by ammonium metavandate reagent. The lower limits of detection 
for carbaryl and 1-naphthol are 10 ug/spot and 1 fig/spot respectively. The 
lower limit of detection is 1 fig/spot for carbaryl and 1 -naphthol both when 
alkaline hexacyanoferrate(III) is used as a chromogenic reagent. Other 
insecticides such as malathion, parathion, dimethoate, sumithion, ekalax, 
endrin, DDT, baygon, carbofuran and zineb do not interfere. 
b) Spectroscopic and spectrophotometric methods: These methods are simple, 
direct, sensitive and rapid but they do not achieve the sensitivity of TLC and 
GC techniques. They may not be able to distinguish between the parent 
compound, and its metabolites and hydrolysis products but they can be used 
with chromatography as a confirmatory technique. Spectrophotometry is a 
reliable and routinely used technique that is readily available for analysts. A 
few papers have been reported in this area. 
Kaul et al.49 have developed a very sensitive spectrophotometric 
procedure for the determination of ferbam (iron dimethyldithiocarbamate) in 
formulations, grain and apples by converting it into water soluble iron-
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phenanthroline-CTAB complex. Beer's law is obeyed over the concentration 
range 0.4-1.9 ug/mL at 500 nm in the pH range 3.0-8.0. Malik et al.50 have 
developed a procedure for the determination of ziram by the formation of its 
copper complex after dissolving into Triton X 100 at 440 nm. This method has 
also been used for the determination of ziram in common formulations, 
vegetables and grains. Deb et al.51 have developed a new spectrophotometric 
method for the determination of ziram. The procedure involves the 
complexation reaction of ziram with N-hydroxy-NJ^-diphenylbenzamidine 
(HDPBA) in chloroform at pH 9.5 ± 0.2 maintained by carbonate-bicarbonate 
buffer. The chloroform extractable species are then reacted with 4-(2-
pyridylazo) naphthol (PAN) to give intense red colour at 550 nm. A minimum 
of 0.02 ug ziram can be estimated. Sharma and Verma " have proposed a 
method for the determination of xanthates, thioxanthates, dithiocarbamates 
and thiuram disulphides based on their acidic decomposition. The analysis is 
accomplished by transforming evolved carbon disulphide quantitatively with 
n-propylamine (0.05 M in acetonitrile) into n-propylammonium n-propyl 
dithiocarbamate. In the same medium, n-propylammonium n-propyl 
dithiocarbamate complex reacts with nickel(II) acetate (0.02 M in methanol) 
in 2:1 molar ratio to form soluble yellow nickel(II) n-propyldithiocarbamate 
showing maximum absorbance at 490 nm. Cullen5j has carried out 
spectrophotometric determination of zineb, maneb, ziram, ferbam, thiram and 
metiram residues on food crops. The residues were decomposed on the crop 
and the evolved carbon disulphide was collected and reacted with cupric 
acetate-diethanolamine in ethanol (0.0016%) to form the yellow cupric salt of 
N,N-bis(2-hydroxyethyl) dithiocarbamic acid which can be measured 
calorimetrically at 435 nm. The speed of decomposition of the 
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dithiocarbamate and the copper-carbon disulphide ratio were found to be 
critical factors. This method is sensitive to 20 fig of carbon disulphide. 
Liu et al.54 have carried out multi-elemental analysis of metal ions: 
Fe, Cu, Zn, Al, Cd, Cr and Pb by preconcentration on dithiocarbamate (DTC)-
cellulose microcolumn coupled with ICP-AES. Yen et al." have studied 
tribenzyltin dithiocarbamate complexes by IR spectroscopy and major IR 
bands have been assigned. The changing rules with the changes of chemical 
structure are discussed and the coordination manner for dithiocarbamate 
ligand with tin ion in the complexes has been determined. 
Sanchez et al.56 have reported Raman and surface enhanced Raman 
spectra (SERS) on silver colloid of the dithiocarbamate fungicides like thiram. 
ziram, metiram, zineb and mancozeb. SERS affords good quality vibrational 
spectra of these fungicides at very low aqueous concentrations. A degradation 
of these fungicides when interacting with the silver surface can be deduced. 
Thiram and metiram are cleaved at their disulphide bonds, while the complex 
ziram, zineb and mancozeb could undergo metal exchanges with the silver on 
the surface. Decomposition is lower in the case of zineb and mancozeb as 
deduced from their weaker SERS. The SERS studies show that, the fungicides 
can be decomposed in the environment and could be converted into 
dimethyldithiocarbamate and ethylenebisdithiocarbamate ions. The SERS 
study of these complexes is carried out at several absorbate concentrations and 
different excitation wavelengths, revealing that two different coordination 
complexes having different geometries (monodentate and bidentate) are 
possible on the silver surface. 
Doicheva et al.57 studied the effect of chloroalkanes (CC14. CHC13. 
CH2C12) or alcohols (MeOH, EtOH, iPrOH. iBuOH) as solvent component on 
the photochemical properties of copper(II) dithiocarbamate mixed-ligand 
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complexes: Cu(Et2dtc)X where X=Cl", Br" and Cu(Et2dtc) Y" where Y"=C104\ 
N0 3 . The obtained results allow some insight into the behavior of the mixed-
ligand complexes towards the halogen donation power of chloroalkanes and 
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the coordination abilities of alcohols. Jeliazkova et al. have reported thermal 
and photochemical reaction of copper(II) dithiocarbamate mixed-ligand 
complexes with chloroalkanes. A detailed reaction mechanism has also been 
proposed on the basis of experimental results of EPR, UV-visible spectra and 
quantum yields. They have also made EPR59 study on the charge transfer 
photochemistry of the bromide mixed-ligand dithiocarbamate complex of 
copper(II). The results obtained by EPR allowed some insight into the 
behaviour of the primary photolytic products toward both components of the 
mixed solvent. 
c) Chromatographic methods: HPLC continues to find an important place 
among analytical tools for the separation and determination of pesticide 
residues. HPLC is preferable for analyzing thermally unstable pesticides that 
cannot be analyzed directly by GC. A few papers have been reported in this 
area. 
Weissmahr ef al.60 have carried the analysis of the dithiocarbamate 
fungicides: ziram, maneb and zineb and the floatation agent ethyl xanthogenate 
by ion-pair reversed-phase HPLC in the natural water. The method is based on 
the in situ formation of a 1:1 Cu(II)-dithioligand complex and its separation. 
as an ion-pair with hexane sulphonate on a C-18 reversed-phase column and 
detected at 260-287 nm. Detection limits are reported to be 3 ug/L (ziram). 
9 ug/L (maneb) and 4 ug/L (ethyl xanthogenate). 
Woodrow et al.61 have trapped airborne particulate residues that resulted from 
commercial applications of the dithiocarbamate fungicides (ziram and 
mancozeb) on glass fibre filters at 14-16 L/min up to 24 h. Hydrochloric acid 
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hydrolysis, with stannous chloride reduction, is used to convert these residues 
to carbon disulphide, which is partitioned into isooctane for assay using 
sulphur mode flame photometric gas chromatography. Limits of detection have 
been found to be about 0.3ug (ziram) and 0.5ug (mancozeb) per filter, which 
are equivalent to about 14-23 ng/m3 (24 h). 
6. Other Applications: 
Besides the usage of dithiocarbamate as fungicides the following 
uses have also been reported in the literature. 
a) Additive in lubricating oil: Chen et al.62 have reported that oil soluble cerium 
dioctyldithiocarbamate worked very efficiently as an antiwear additive in the 
lubricating oil. Some other dithiocarbamate derivatives63'64 have also been used 
for this purpose. Tanaka et al.65- 66 have reported a process for producing 
molybdenum oxysulphide dithiocarbamates as lubricant additives. These 
dithiocarbamates have been found to be good antifriction and anticorrosive 
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agents in lubricating oil. Grobelny et al. have carried nanometric studies of 
adsorbed layers of zinc di-N-octyldithiocarbamates and di-N-octylamines used 
as lubricant additives. Matsuyama et al. have reported that sulphides, 
dithiophosphates and dithiocarbamates improve oxidation stability of the 
lubricating oils. Yoshida et al.69 have studied saturated hydrocarbon base oils 
and antioxidants like dithiocarbamates and dithiophosphates for automotive 
lubricating oil formulations. 
b) Sulphur vulcanization: Niewenhuizen et al.70 have published a review with 
262 references describing research methodologies useful in investigating the 
mechanism of vulcanization and the reactivity of thiuram and dithiocarbamate 
chemicals. The combined knowledge has been subsequently applied to 
thoroughly review the mechanism and the chemistry of both thiuram and 
dithiocarbamate accelerating sulphur vulcanization. 
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The mechanism71 of cross-link formation in sulphur vulcanization 
mediated by bis(dim'ethyldithiocarbamato)zinc(II), (ZDMC), has been 
uncovered by utilizing a combination of D-functional calculations and model 
experiments. These studies have revealed that in a 3-stage process, ZDMC 
exhibits a unique combination of catalytic activity. The combined results of 
theoretical and experimental work have allowed to put forward a novel 
mechanism for ZDMC-mediated sulphur cross-link formation that successively 
comprises: 
i) homogeneous catalysis of thiol formation from sulphur and rubber 
ii) equilibrium between polythiothiol intermediates and cross-links 
iii) ZDMC-induced desulphydration. 
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c) Graft copolymers: Wang et al. *" have reported surface molecular imprinting 
on photosensitive dithiocarbamyl polyacrylonitrile membranes using 
photograft polymerization. Kim and Cho have synthesized graft copolymers 
by iniferter-containing macromer. A monomer such as styrene, methyl 
methacrylate, ethyl acrylate or butyl acrylate were copolymerized with 
chloromethylstyrene by AIBN initiation and the chloride group in the polymer 
was treated with sodium diethyldithiocarbamate to give dithiocarbamate 
groups. NMR analysis showed that conversion to dithiocarbamate groups was 
quantitative for acrylate copolymer as well as styrene copolymer. Graft 
copolymerization of the macromer such as polystyrene macromer and PMMA 
macromer yielded graft copolymers. Liang et al.74 have studied reversible 
surface properties of glass plate and capillary tube grafted by 
photopolymerization of N-isopropylacrylamide. It is a new, simple and 
effective method to modify the surface of glass plate and quartz capillary tube 
by UV photosensitizer. Silane coupling agent with the dithiocarbamate group 
was synthesized by the condensation reaction between chloropropyl 
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trimethoxysilane and sodium N,N-diethyldithiocarbamate. The 
dithiocarbamate groups were installed on the glass surface by coupling the 
si lane agent with the hydroxy 1 groups on the glass surface. Subsequently, the 
silane modified surface was photografted in the presence of N,N;-
methylenebisacrylamide. These modified glass plates are used as activators, 
modulators, antifouling surface and microchannel of separation membranes. 
Kismura et al. have studied optical recording medium using phthalocyanines, 
metal complexes and compositions for the recording layer. It has been claimed 
that use of dithiocarbamate complexes enhances modulation degree and 
stabilizes signal characteristics after recording. 
d) Chelating agents: Tandon et al.76 have studied N-benzyl-D-
glucaminedithiocarbamate and its analog, N-(4-methoxybenzyl-D-
glucaminedithiocarbamate) which are effective chelators of cadmium, for their 
efficacy to induce excretion of lead and to reduce tissue burden of lead pre-
exposed rats. These dithiocarbamates have been found to be effective in 
reducing hepatic and renal lead levels but not of brain lead levels. Kiyozumi et 
al.77 have studied the removal of copper from male rat liver by 
dithiocarbamates. The effect of N-benzyl-D-glucaminedithiocarbamate(BGD), 
N-benzyl-O-galactaminedithiocarbamate (BGalD), N-P-methylbenzyl-D-
glucaminedithiocarbamate (MeBGD), penicillamine (D-PEN) and 
triethylenetetramine 2HC1 (Trien) on the excretion and distribution of copper 
have been compared in male rats (5 weeks). Those treated with 
dithiocarbamates did not redistribute copper to kidneys and brain. However, 
BGD, BGalD and MeBGD all significantly enhanced the biliary excretion of 
copper, zinc and iron. 
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Batterham et al. have developed an off-line solvent extraction 
procedure with inductively coupled plasma mass spectrometry (ICP-MS) for 
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the determination of heavy metals in sea water at ultra-trace levels. This 
method reduces the analysis time and improves the detection limit (Cd 0.2, Co 
0.3, Cu 3. Fe 21. Ni 2, Pb 0.5 and Zn 2 parts per trillion). The rapid single 
extraction procedure is quantitative and external standards are used for ICP-
MS calibration. 
Hilder et al.79 have carried out separation of number of transition 
metal complexes (Cd II, Pb II, Pt II, Co II. Ni II, Bi III, Cr II, Hg II, Cu III) 
using bis(2-hydroxyethyl)dithiocarbamate (HEDTC) by micellar electro-
kinetic capillary chromatography (MEKC) with direct photometric detection. 
Wein et al.80 have developed a new ion-exchange chelating fibre 
with aminophosphonic and dithiocarbamate groups based on polyacrylonitrile 
which is used for the simultaneous pre-concentration of Ag, Be, Bi, Cd, Co, 
Cu, Ga. In. Mn and Pb in coastal sea water. The optimum experimental 
parameters such as fiber capacity, pH . sample flow rate, volume, eluate and 
effect of matrix ions on the pre-concentration are investigated. The separation 
of analytes can be achieved from seawater with a concentration factor of atleast 
200. The data obtained by this method agreed well with certified values. 
Ida et al. have carried out a method for quantitative sampling the 
waste (e.g. garbage incinerator fly ashes) by adding liquid chelate containing 
dithiocarbamate group into the sample for reaction of heavy metals present in 
the waste with the chelate. The absorbency at specific wavelength of the 
chelate was measured to determine the unreacted chelate in the sample (B) and 
reference absorbency for the chelate without sample to determine total amount 
of chelate (A). The reacted amount of chelate (C) was calculated from the 
difference between (A) and (B). Based on the ratio of (C) and sample amount. 
the proper amount of chelate added to waste matter was determined. Nori et 
al.82 have reported dithiocarbamate alkali metal salts of an amidine ring 
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containing polymer acts as chelating agents for trapping heavy metals from 
incinerator ashes to prevent leaching in landfills. 
Rao et al. have carried out the polarographic determination of 
cadmium after adsorption of cadmium piperazine dithiocarbamate complex 
onto microcrystalline naphthalene. The lower limit of detection has been found 
to be 0.07 ppm. 
e) Determination of cisplatin: Zhou et al.84 have established a derivative HPLC 
method for quantitative determination of cisplatin in emulsions. Cisplatin was 
extracted by DMSO from emulsions and reacted with sodium 
diethyldithiocarbamate (DDTC) to produce a Pt(DDTC)2 complex, which was 
extracted by chloroform and detected at 254 nm. An analytical column, U-
Bondapak-C,8H37 (5 urn, 150mm x 4m) was used with MeOH-H2O(80:20) as 
the mobile phase at a flow rate of lmL min"1. Nickel chloride was used as an 
internal standard. The main recovery of extraction has been found to be 78.4% 
with relative standard deviation < 5%. 
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f) Flotation of non-ferrous metals: Glinkin " has published a review with 8 
references describing the flotation of non-ferrous sulphide minerals with 
dithiocarbamate reagents. It outlines the use of sodium dimethyldithio-
carbamate as a depressor for sphalerite, iron sulphide and S-cyanethyl-N,N-
diethyldithiocarbamate as a collector for copper and molybdenum sulphides. 
Data pertaining to industrial application of these reagents has been reported. 
g) Synthesis of new compounds: 
as 
i) Sulfines: Cherrie and Metzner have demonstrated that the oxidation reaction 
of various dithiocarbamates give corresponding sulfines (S-oxides). A number 
of sulfines could be isolated and characterized although their stabilities are 
very moderate. The sulfines decomposed to thiocarbamates and 
dithiocarbamates on keeping them at ambient temperature. 
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ii) Drugs: Ching has proposed a new method of synthesis of conjugates of nitric 
oxide scavengers (e.g. dithiocarbamates) with drugs (e.g. NSAIDS). These 
conjugates provide a new class of drugs (e.g. anti-inflammatory agents). These 
conjugates have much lower incidence of side effects and they are more 
effective than unmodified drugs because cells and tissues contacted by them 
are protected from the potentially damaging effects of nitric oxide over 
production. For instance, ibuprofen is esterified with 2-pyrro\idinol in the 
presence of dithiocarbamate and resulting ester was treated with aqueous 
sodium hydroxide solution and carbon disulphide in ethanol. thus producing a 
dithiocarbamate of pyrrolidinol-ibuprofen. 
D. WORK DONE 
In this thesis efforts have been made to develop simple and 
inexpensive methods for the analysis of carbamate pesticides containing metal 
ions. Synthesis and characterization of some new dithiocarbamates have also 
been made. Chapter II describes a new spot test for the detection of mancozeb 
in soil, water and formulations. One more new spot test for the detection of 
dithiocarbamates on thin layer chromatographic plate is described in Chapter 
III. A volumetric method for the estimation of mancozeb in formulations is 
described in Chapter IV. The results of synthesis and fungicidal behaviour of 
some new dithiocarbamates are discussed in Chapter V. The multi-variate 
analysis of thin layer chromatographic Rp values of some carboxylic acid 
herbicides is discussed in Chapter VI. 
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CHAPTER II 
SPOT TEST ANALYSIS 
OF PESTICIDES: 
DETECTION OF MANCOZEB 
IN WATER 
A. INTRODUCTION 
In continuation to our previous work ' now a new spot test has been 
developed for the detection of mancozeb. Mancozeb is used to control broad 
range of plant diseases like potato early and late blight, leaf spot, scab (apple, 
pear) and rust (rose). It belongs to the class of coverage fungicides i.e., the one 
that remains on the leaf surface without penetrating into its tissues, so a good 
uniform coverage is essential. Thus, they are used in large quantities. 
Therefore, it is important to develop simple and inexpensive methods for on-
field detection and determination of mancozeb residues. 
The spot test under study is based on a colour reaction between 
mancozeb and copper chloride in acetate buffer at pH 6. The brown colloidal 
suspension of copper bisethylenedithiocarbamate so produced can be 
extracted in chloroform and be used to detect mancozeb at traces. The results 
obtained are described in this chapter. 
B. EXPERIMENTAL 
1. Apparatus: Graduated micropipette, test tubes etc. 
2. Chemicals: Mancozeb (75% WP), (Jaishree Agro Industries Pvt. Ltd.. India); 
sodium hydroxide, copper chloride, sodium acetate and citric acid (CDH, 
India); ammonia (E.Merck, India); ammonium chloride (BDH, England); 
acetic acid, carbontetrachloride and chloroform (Qualigens. India); benzene 
and amyl alcohol (Sarabhai M. Chemicals, India) were used. 
All other reagents and chemicals used were of analytical grade while 
the insecticides and fungicides were of technical grade. 
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3. Preparation of Solutions: Mancozeb (1 g) was agitated with 50 mL of 1M 
sodium hydroxide for 5 min, the suspension so obtained was filtered and the 
filterate was made up to the mark with 1M sodium hydroxide in a 100 mL 
standard flask. This solution was further diluted to the required concentration 
(0.075%, 0.0075%, 0.00075%) by adding distilled water. Freshly prepared 
solution of mancozeb was used. Copper chloride-acetic acid reagent was 
prepared by dissolving copper chloride (1 g) and glacial acetic acid (1 mL) in 
distilled water in a 100 mL standard flask. Acetate buffer of pH 4, 5 and 6; 
citrate buffer of pH 8.4 and ammonium buffer of pH 10 were prepared by 
using a standard procedure'. 
Ethanolic solution of all other chemicals (1%) were used. In case of 
insoluble substances either suspension or saturated solution was used. 
4. Detection of Mancozeb 
a) Detection procedure: The test solution (1 mL of 0.75%) was taken in a test 
tube and neutralized with 1M acetic acid using litmus paper. A buffer solution 
of pH 6 (2 mL) was added into it followed by the reagent (1% copper 
chloride-acetic acid) (1 mL) and chloroform (0.5 mL). After thorough mixing 
colour of both aqueous and organic layers was observed at room temperature 
(25°C). 
b) Lower limit of detection: The lower limit of detection of the test was 
determined by taking a fixed volume (1 mL) of the standard solution of 
mancozeb of different concentrations (0.75%. 0.075%), 0.0075% and 
0.00075%) to develop the colour by using the above mentioned procedure. 
c) Effect of pH: To study the pH effect on the sensitivity of the colour reaction. 
different buffer solutions were used in the above mentioned procedure 4(a, b). 
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d) Effect of extractants: To study the effect of the extractants on the sensitivity 
and selectivity of the test, different extractants were used in the above 
mentioned procedure 4(a, b). 
e) Effect of foreign substances: To study the influence of foreign substances on 
the colour formation, mancozeb (1 mL of 0.0075%) was mixed with the 
solution of the foreign substances (1 mL of 1%) and then the colour was 
developed by using above mentioned procedure 4(a). 
C. RESULTS 
The lower limit of detection of mancozeb is reported in Table 2.1. 
The effect of different pH and extractants on the sensitivity of the test is 
recorded in Tables 2.2 and 2.3. The behaviour of miscellaneous compounds 
with the reagent and also in the presence of mancozeb is recorded in Tables 
2.4 and 2.5. 
Table 2.1: Detection of mancozeb at different concentrations 
Mancozeb Colour 
(ug) AqLa OrgLa 
15 LB1 VLB 
75 LGrBl LB 
750 LGrBl BtB 
7500 VLGrBl DBppt 
AqLa = aqueous layer, B = brown, Bl = blue, Bt = bright, D = dark, 
Gr = greenish, L = light, OrgLa = organic layer, ppt = precipitate, V= very. 
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Table 2.2: Detection of mancozeb at different pH 
Mancozeb 
(Hg) 
pH 
AqLa 
Colour 
OrgLa 
15 
75 
750 
15 
75 
750 
15 
75 
750 
15 
75 
750 
15 
75 
750 
4 
4 
4 
5 
5 
5 
6 
6 
6 
8.4 
8.4 
8.4 
10 
10 
10 
LB1 
LGrBl 
LGrBl 
LB1 
LGrBl 
LGrBl 
LB1 
LGrBl 
LGrBl 
LB1 
LB1 
LGrBl 
DB1 
DB1 
DB1 
VVLB 
LB 
BtB 
VVLB 
LB 
BtB 
VLB 
LB 
BtB 
VVLB 
LB 
BtB 
B 
Abbreviations are defined as in Table 2.1. 
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Table 2.3: Detection of mancozeb using different extractant at pH 6 
Mancozeb 
(ug) 
15 
75 
750 
15 
75 
750 
15 
75 
750 
15 
75 
750 
Extractant 
Amyl alcohol 
Amyl alcohol 
Amyl alcohol 
Benzene 
Benzene 
Benzene 
Carbontflvd chloride 
Carbontetrachloride 
C arbontetrach 1 or i de 
Chloroform 
Chloroform 
Chloroform 
Col( 
AqLa 
Bl 
Bl 
GrBl 
Bl 
Bl 
GrBl 
LB1 
LGrBl 
LGrBl 
LB1 
LGrBl 
LGrBl 
our 
OrgLa 
NC 
VLB 
BtYBppt 
NC 
VLB 
YBppt 
NC 
VLB 
BtYB 
VLB 
LB 
BtB 
NC = No colour, Y = yellow. Other abbreviations are defined as in Table 2.1. 
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Table2.4: Behavior of miscellaneous compounds with copper chloride - acetic 
acid reagent 
Substances (Colour) 
A. ACIDS 
Barbituric acid (LY) 
Gallic acid (LB) 
Hippuric acid 
Isocitric acid 
Malic acid 
Phthalic acid 
Succinic acid 
Sulphanilic acid 
Tartaric acid 
B. ALCOHOLS 
1 -Butanol 
Ethanol 
Methanol 
2-Propanol 
C. ALDEHYDES 
Benzaldehyde (LY) 
4-Dimethylaminobenzal-
dehyde (VLB) 
m-Nitrobenzaldehyde(LY) 
Vanillin 
Colour 
AqLa 
LB1 
LB 
LB1 
LB1 
LB1 
LB1 
LB1 
LB1 
LB1 
Bl 
Bl 
Bl 
Bl 
LB1(T) 
LB1 
LB1 
Bl 
OrgLa 
NC 
B with DB ppt 
at junction 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
VLY 
VLB 
VLY 
NC 
Lower limit 
of detection 
-
1 mg 
-
-
-
-
-
-
-
-
-
-
-
10 mg 
10 mg 
10 mg 
. 
(Table 2.4 contd.) 
Substances (Colour) 
D. AMIDES 
Dimethylformamide 
Salicylamide 
Thiourea 
Urea 
E. AMINES 
Aniline (R) 
Diethylamide (DR) 
Indole (LY) 
Nicotine (DR) 
Trimethylamine 
F. ETHER 
Diethyl ether 
AqLa 
LB1 
Bl 
Colour 
LGrBl with Wppt 
LB1 
LG(T) 
LB1(T) 
LB1 
YG with 
LB1 
LB1 
Bppt 
OrgLa 
NC 
NC 
VLB 
NC 
LY with Bppt 
DR 
LY 
OB 
NC 
NC 
Lower limit 
of detection 
-
-
10 mg 
-
100 fig 
100 ug 
10 mg 
lOOug 
-
-
G. HETEROCYCLIC BASE 
Pyridine (LY) DB1 NC 
Benzene 
Carbontetrachloride 
Chlorobenzene 
Nitrobenzene (LY) 
o-Toluidine 
Paraffin 
Bl 
Bl 
Bl 
Bl 
LB1 
LB1 
NC 
NC 
NC 
LY 
NC 
NC 
lOmg 
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(Table 2.4 contd.) 
Substances (Colour) 
I. KETONES 
Acetone 
Acetophenone (LY) 
J. MINERAL ACIDS 
Hydrochloric acid 
Sulphuric acid 
AqLa 
Bl 
Bl 
VLB1 
VLB1 
Colour 
OrgLa 
NC 
VLY 
NC 
NC 
Lower limit 
of detection 
-
lOmg 
-
. 
K. PESTICIDES 
a) Carbamate Pesticides 
Bavistin (Suspension) 
Carbaryl (Suspension) 
b) Carboxylic Pesticides 
Indole-3-acetic acid 
Phenoxyacetic acid 
c) Chlorine Containing 
Pesticides 
Trichloroacetic acid(LY) 
d) Phosphorus Containing 
Pesticides 
LGrBl 
LB1(T) 
LGrBl 
LGrBl 
VLB1(T) 
LB 
VLB 
LBtG 
NC 
VLY 
lOmg 
lOmg 
lOmg 
-
lOmg 
Phamidon-85 (Ma) DB1 Ma lOOug 
L. PHENOL AND THEIR 
DERIVATIVES 
Catechol (DB) LB1 LYB lmg 
45 
(Table2.4 contd.) 
Substances (Colour) Colour 
AqLa OrgLa 
Lower limit 
of detection 
4-Chlorophenol 
1-Naphthol (B) 
2-Naphthol (VLB) 
o-Nitrophenol (0) 
Orcinol (R) 
Phenol (LOB) 
p-Nitrophenol (BtY) 
Resorcinol (B) 
M. SOAPS AND 
DETERGENTS 
Lux (P) 
Rin(Bl) 
Surf(Bl) 
Vim (Suspension) 
N. SOILS 
Soil 1 (Mathura) 
Soil 2 (Agra) 
Soil 3 (Aligarh) 
Soil 4 (Banswara) 
Soil 5 (Jaipur) 
LB1 
LB1(T) 
LB1 
LGrBl 
VLO 
LB1 
LG 
LB1 
Bl-W(T) 
B1(T) 
B1(T) 
LB1(T) 
LB1 
LB1 
LB1 
LB1 
LB1 
NC 
LB 
VLB 
LO 
R 
LOB 
NC 
LB 
VLB1(T) 
W(T) 
NC 
NC 
NC 
NC 
NC 
NC-
NC 
-
lOmg 
lOmg 
lOmg 
lOOug 
lOmg 
-
lOmg 
lOmg 
lOmg 
-
-
-
-
-
-
-
Bl-W = bluish white, G = green. Ma = magenta, O = orange, P = pink. R = red. 
T=turbid, W = white. Other abbreviations are defined as in Tables 2.1 and 2.3. 
Original colour of the test substances is given in the parenthesis. 
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TABLE 2.5: Detection of mancozeb (75|ig) in presence of foreign 
substances at room temperature 
Substances (Colour) 
A. ACIDS 
Barbituric acid (LY) 
Gallic acid (LB) 
Hippuric acid 
Isocitric acid 
Malic acid 
Phthalic acid 
Succinic acid 
Sulphanilic acid 
Tartaric acid 
B. ALCOHOLS 
1 -Butanol 
Ethanol 
Methanol 
2-Propanol 
C. ALDEHYDES 
Benzaldehyde (LY) 
4-Dimethylaminobenzaldehyde 
(VLB) 
m-Nitrobenzaldehyde (LY) 
Vanillin 
Colour 
AqLa 
VLGrBl 
LB 
LB1 
LB1 
LB1 
LB1(T) 
LB1 
LB1 
VLGrBl 
Bl 
Bl 
Bl 
Bl 
LB1(T) 
LB1 
LGrBl 
LGrBl 
OrgLa 
LB 
B with DB at 
junction 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LB 
LY 
LB 
LY 
VLB 
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(Table 2.5 contd.) 
Substances (Colour) Colour 
AqLa OrgLa 
D. AMIDES 
Dimethyl formamide 
Salicylamide 
Thiourea 
Urea 
E. AMINES 
Aniline (R) 
Diethylaniline(DR) 
Indole(LY) 
Nicotine (DR) 
Trimethylamine 
LB1 
GrBl 
LGrBl(T) 
LB1 
G(T) 
LB1(T) 
LB1 
YG with Bppt 
LB1 
LB 
LB 
VLB 
VLB 
LY with DBppt 
DR 
LY 
OB 
LB 
F. ETHER 
Diethyl ether LB1 VLB 
G. HETEROCYCLIC BASE 
Pyridine(LY) DB1 LB 
H. HYDROCARBONS 
Benzene 
Carbontetrachloride 
Chlorobenzene 
Nitrobenzene (LY) 
o-Toluidine 
Paraffin 
Bl 
LGrBl 
LB1 
LB1 
LB1 
LB1 
LB 
LB 
LB 
LB 
LB 
LB 
48 
(Table 2.5 contd.) 
Substances (Colour) 
I. KETONES 
Acetone 
Acetophenone(LY) 
J. MINERAL ACIDS 
Hydrochloric acid 
Sulphuric acid 
K. PESTICIDES 
a) Carbamate Pesticides 
Bavistin (Suspension) 
Carbaryl (Suspension) 
b) Carboxylic Pesticides 
Indole-3-acetic acid 
Phenoxyacetic acid 
c) Chlorine Containing 
Pesticides 
Trichloroacetic acid (LY) 
d) Phosphorus Containing 
Pesticides 
Colour 
AqLa 
Bl 
Bl 
VLB1 
VLB1 
LGrBl 
LGrBl 
LGrBl 
LGrBl 
VLB1(T) 
OrgLa 
LB 
LB 
VLB 
VLB 
LB 
LB 
BIG 
VLB 
VLY 
Phamidon-85(Ma) DB1 Ma 
L. PHENOL AND THEIR 
DERIVATIVES 
Catechol (B) LB1 LB 
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(Table2.5 contd.) 
Substances (Colour) 
4-Chlorophenol 
l-Naphthol(B) 
2-Naphthol (VLB) 
o-Nitrophenol (0) 
Orcinol ( R ) 
Phenol (LOB) 
p-Nitrophenol (BtY) 
Resorcinol (B) 
M. SOAPS AND DETERGENTS 
Lux (P) 
Rin(Bl) 
Surf(Bl) 
Vim(Suspension) 
N. SOILS 
Soil 1 (Mathura) 
Soil 2 (Agra) 
Soil 3 (Aligarh) 
Soil 4 (Banswara) 
Soil 5 (Jaipur) 
Colour 
AqLa 
LB1 
LB1(T) 
LB1 
LGrBl 
VLO 
LB1 
LG 
VLGrBl 
Bl-W(T) 
BJ(T) 
B1(T) 
LB(T) 
LGrBl 
LGrBl 
LGrBl 
LGrBl 
LGrBl 
OrgLa 
VLB 
LB 
LB 
LO 
R 
LOB 
VLB 
LB 
LB1(T) 
W(T) 
W(T) 
NC 
LB 
LB 
LB 
LB 
LB 
Abbreviations are defined as in Tables 2.1, 2.3 and 2.4. Original colour of the test 
solution is given in parenthesis. 
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D. REACTION MECHANISM 
The colour formation is based on the conversion of zinc or 
manganese bisethylenedithiocarbamate into brown cupric salt soluble in 
chloroform. 
H S 
I II 
C H 2 - N - C - S 
M + Cu(CH3COO)2 
C H 2 - N - C - S 
I II 
H S 
H S 
I II 
C H 2 - N - C - S 
Cu + M(CH3COO)2 
C H 2 - N - C - S ' 
I II 
H S 
YELLOW BROWN 
Figure 2.1: Tentative reaction scheme 
E. DISCUSSION 
A test of dithiocarbamide group4, present in the stable water-soluble 
and water-insoluble salts of the unstable dithiocarbamic acid and its N-
substituted derivatives is known. The test is based on the conversion of the 
dithiocarbamate group into cupric salt soluble in organic solvents. A 
characteristic feature of water-soluble dithiocarbamates and their N-
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substituted derivatives is the precipitation as brown cupric salts, which 
dissolve in water immiscible organic liquids (extractant) to produce red-brown 
solutions. This property has also been utilized for the determination of copper 
as the diethyldithiocarbamate complex. It has3 been remarked that many of the 
heavy metals give slightly soluble products (some white, some coloured) with 
the reagent, most of which are soluble in the organic solvents (chloroform, 
carbontetrachloride or butyl acetate). The selectivity of the reagent may be 
improved by the use of masking agents, particularly EDTA. The reagent 
decomposes rapidly in solution of low pH. 
In present study, the colour reaction mentioned above is utilized for 
the detection of a fun i^ 'de mancozeb, in polluted water. Mancozeb is very 
slightly soluble in water and insoluble in common organic solvents. Therefore, 
the solution of mancozeb is prepared in sodium hydroxide in order to carry 
out the above colour reaction. Table 2.2 shows that the reaction is highly 
sensitive at pH 6 as the complex is soluble in organic layer and less sensitive 
at pH 4-5 as the organic layer does not turn red-brown at low concentrations. 
It is less sensitive at pH 8.4-10 as the copper gives deep blue colour in 
aqueous layer, which shadows light brown colour in organic layer. Table 2.3 
shows that chloroform is the best extractant for this test as it give the 
maximum colour intensity. The data recorded in Table 2.5 show that 
mancozeb can be detected by using this colour reaction in polluted water. For 
example, the test gives good results in natural water containing soil extracts, 
soaps, detergents etc. It is also clear that the spot test under study can be used 
for the detection of aniline, diethylaniline, nicotine, phamidon-85 etc. As the 
above mentioned compounds give distinct colours than that of mancozeb, 
these compounds do not interfere at |ig levels in test under study. 
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Thus, the above mentioned spot test can be used for the on-field 
detection of mancozeb. As the lower limit of detection of mancozeb (15u,g) is 
higher, it cannot be applied as such for the detection of traces. However, it can 
be utilized for on-field detection of mancozeb traces in water by coupling with 
a suitable pre-concentration method such as column chromatography5, liquid-
liquid extraction6 etc. 
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CHAPTER III 
SPOT TEST ANALYSIS 
OF PESTICIDES: 
TLC DETECTION OF 
MANCOZEB 
A. INTRODUCTION 
The commercially available current fungicides1 are widely differing 
in chemical structures and functional groups, so their chemical classification 
is quite complex. Among various types of fungicides the group of 
dithiocarbamate is of special interest. One of these, mancozeb, is widely used 
on nuts, fruit trees, vegetables and other field crops as protective agent against 
plant diseases. The acute toxicity of mancozeb for rats is low i.e.. LD50 = 5000 
mg/kg oral and 10000 mg/kg dermal2. There is some concern over chronic 
exposure to these fungicides as they are suspected carcinogens". 
Several methods1'4'7 for the determination of mancozeb have been 
reported in the literature. Since spot test analysis is simple and inexpensive, it 
is used for the preliminary characterization of the test material before 
quantification by costly and sophisticated analytical methods such as HPLC. 
GC, spectrophotometry and GC-MS. As TLC is widely used in pesticide 
analysis, chromogenic spray reagents are required for the location of 
pesticides on the chromatoplate. 
In continuation of our previous work we have, therefore, developed 
a new test for the TLC detection of mancozeb. The test is based on the 
formation of a black precipitate of lead sulphide when mancozeb is treated 
with plumbite reagent. The results thus obtained are described in this chapter. 
B. EXPERIMENTAL 
1. Apparatus: A Stahl apparatus with a universal applicator (adjustable 
thickness of the applied layer is 0.25 - 2.00 mm), capillar)', electric oven 
(Tempo. India), glass jars (25 x 5 cm), glass plates (20 x 4 cm), graduated 
.^"J-x Av ' -d lib, 
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micropipettes (1.0 mL, 0.1 mL, 10-100 u.L, Gilson, France), capillary, hot air 
blower, sprayer etc. were used. 
2. Chemicals: Mancozeb (75% WP) (Jaishree Agro Industries Pvt. Ltd., India); 
lead monoxide (Thomas Tyrer, London) and sodium hydroxide (Merck, India) 
were used. The insecticides and fungicides used were of technical grade, other 
reagents and chemicals used were of analytical grade. 
3. Preparation of Solutions: Plumbite reagent (100 mL) was prepared by 
dissolving lead monoxide (1 g) in aqueous sodium hydroxide (32%). A 
homogeneous suspension of mancozeb (1 g/100 mL) was prepared by its 
agitation with water or ethanol for 5 min. Mancozeb solution was prepared by 
treating it (1 g) with aqueous sodium hydroxide (1 N) solution, removing the 
precipitate by filtration and then the total volume was made up to lOOmL in a 
standard flask. 
The solution or suspension was diluted to the required concentration 
(0.75 - 0.002%) by addition of distilled water. Solution or suspension of all 
other chemicals (1%) were prepared in distilled water. 
4. Preparation of Plates: The following slurries were applied on the glass plates 
with the help of an applicator so that the thickness of the coating would be 
0.25 mm. 
a) Calcium sulphate (20 g) in DW (40 mL) 
b) Microcrystalline cellulose (20 g) in DW (80 mL) 
c) Silica gel G (20 g ) in DW (50 mL) 
d) Soil (20 g) in DW (20 mL) 
e) Titanium oxide (20 g) in DW (50 mL) 
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The plates were first allowed to dry at room temperature and then 
activated in an oven at 110°C for 30 min for cellulose coating and 2 h for other 
coatings before use. 
5. Detection Procedures: 
a) Detection of mancozeb on the plate: Mancozeb suspension or solution (0.02 
mL) was spotted on the plate by means of a capillary. The plate was then dried 
to remove the solvent and a drop (0.02 mL) of plumbite reagent was then 
applied to the spot. The spot turned black-brown within 5 min at room 
temperature (25°C) or after 2 min at 100°C. 
b) Detection of mancozeb in solution: A drop (0.02 mL) of plumbite reagent 
was added to mancozeb suspension or solution in a micro test tube and mixed 
thoroughly. At room temperature (25°C) a yellow colour developed which 
slowly changed to black. If the mixture was boiled, black colour appeared 
quickly. 
c) Lower limit of detection: The lower limit of detection was determined by 
taking known volumes of suspension or solution of mancozeb standard and 
treating with plumbite reagent by the procedures mentioned above 5(a, b). 
d) Effect of foreign substances: A drop (0.02 mL) of a 1% solution or 
suspension of foreign substance was added to mancozeb suspension (1.4 jig) 
in a micro test tube and the mixture was treated with plumbite reagent. The 
colour developed and the sensitivity obtained at room temperature were 
recorded. 
e) Detection of mancozeb on grains: Wheat grains (10 g) were placed in 
each of the four petri dishes, the recommended amount of mancozeb dust 
(1.50 gkg"1) was added to it and the mixture was mixed thoroughly at room 
temperature (25°C). After 1.8, 16 and 24 days the grains in one of the dishes 
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were washed with distilled water (30 mL) and mancozeb was detected in 
washings (0.02 mL) by the procedure described in section 5(a). 
f) Measurement of RF values: The suspension or solution of mancozeb was 
spotted on the TLC plate, and the plate was dried and then developed with 
ethanol in glass jars. The plate was dried, sprayed with plumbite reagent and 
then heated at 100°C to develop the colour. For compact spots RF values were 
calculated in the conventional manner i.e. 
Distance travelled by solute front (cm) 
RF = 
Distance travelled by solvent front (10cm) 
C. RESULTS 
The lower limit of detection of the spot test under study is given in 
Table 3.1. The effect of TLC stationary phase on the lower limit of detection 
of mancozeb is shown in Table 3.2. The lower limit of detection of the spot 
test under study and those reported in the literature are compared in Table 3.3. 
The results of detection of mancozeb in presence of compounds containing 
different functional groups are given in Table 3.4. The experiments with the 
grains showed that no decomposition of mancozeb occurred within a months 
period at 25°C. The RF values on all the stationary phases are found to be zero. 
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Table 3.1: Lower limit of detection of mancozeb by plumbite spot test 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Amount of 
Mancozeb 
(Hg) 
136.00 
13.60 
2.80 
1.40 
0.45 
0.10 
Temp 
(°C) 
25 
100 
25 
100 
25 
100 
25 
100 
25 
100 
25 
100 
I 
TLC 
B 
B 
Y 
B 
NC 
LBr 
NC 
NC 
NC 
NC 
NC 
NC 
TT 
DYppt 
Bppt 
LY 
Bppt 
NC 
Bppt 
NC 
NC 
NC 
NC 
NC 
NC 
TLC 
B 
B 
Y 
B 
LY 
Br 
LY 
Br 
NC 
LBr 
NC 
NC 
Colour 
II 
TT 
DYppt 
Bppt 
LY 
Bppt 
NC 
Bppt 
NC 
NC 
NC 
NC 
NC 
NC 
III 
TLC 
B 
B 
Y 
Br 
NC 
LBr 
NC 
NC 
NC 
NC 
NC 
NC 
TT 
Dyppt 
Bppt 
LY 
Bppt 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
I = alcoholic suspension, II = aqueous suspension, III = solution in aqueous 
sodium hydroxide, B= black, Br = brown, D = dark, L = light, NC = no colour, 
ppt = precipitate, TLC = silica gel coated thin-layer plates, TT = test tube, Y = 
yellow. 
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Table 3.2: Effect of stationary phase on the spot test 
No. Amount of Stationary Phases 
Mancozeb Silica Calcium Cellulose Titanium Soil 
(ug) Sel G Sulphate oxide 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
136.00 
27.20 
13.60 
8.20 
0.82 
0.45 
0.10 
B 
B 
B 
BtBr 
Br 
LBr 
NC 
B 
BtBr 
Br 
LBr 
NC 
NC 
NC 
B 
Br 
Br 
LBr 
NC 
NC 
NC 
B 
LBr 
NC 
NC 
NC 
NC 
NC 
B 
NC 
NC 
NC 
NC 
NC 
NC 
Bt = Bright, other abbreviations are defined in Table 3.1. 
Table 3.3: Detection of mancozeb by means of different chromogenic 
reagents 
Lower limit of detection 
No. Reagent In solution On plate Reference 
(ug drop"1) (ug spot"1) 
1. Sodium azide-iodine 
2. Plumbite 
3. Copper sulphate-ammonium 
piperidine/ dimethylamine 
hydrochloride 
4. Copper chloride-acetic acid 
0.14 - 9 
3.00 0.45 This work 
3.00 - 9 
15.00 - 8 
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Table 3.4: Detection of mancozeb in presence of foreign substances by 
plumbite reagent 
Compounds (Colour) 
Colour 
Without In presence of 
mancozeb mancozeb 
(sensitvity,ug) (sensitvity, |ig) 
A. ACIDS 
Barbituric acid 
Hippuric acid 
Isocitric acid 
Malic acid 
Phthalic acid 
Succinic acid 
Sulphamic acid 
Sulphanilic acid 
Tartaric acid 
Thiobarbituric acid 
B. ALCOHOLS 
1 -Butanol 
Ethanol 
Methanol 
1 -Propanol 
C. ALDEHYDES 
Benzaldehyde 
4-Dimethylaminobenzaldehyde 
m-Nitrobenzaldehyde 
Vanillin 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
LBr 
Br 
Br 
Br 
Br 
LBr 
LBr 
LBr 
LBr 
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(Table 3.4 contd.) 
Compounds (Colour) 
D. AMIDES 
Dimethylformamide 
Salicylamide 
Thiourea 
Urea 
E. AMINES 
Aniline (VLBr) 
Diethylaniline(O) 
Trimethylamine 
F. ETHER 
Dimethyl ether 
Colour 
Without 
mancozeb 
(sensitvity,u.g) 
NC 
NC 
NC 
NC 
NC 
LO 
NC 
NC 
In presence of 
mancozeb 
(sensitvity, jig) 
LBr 
LBr 
LBr 
LBr 
Br 
Br 
Br 
Br 
G. HETEROCYCLIC BASE 
Pyridine(LY) NC Br 
H. HYDROCARBONS 
Benzene 
Chlorobenzene 
Nitrobenzene(LY) 
o -Toulidine 
Paraffin 
NC 
NC 
VLY 
NC 
NC 
Br 
Br 
Br 
Br 
Br 
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(Table 3.4 contd.) 
Compounds (Colour) 
I. KETONES 
Acetone 
Acetophenone(LY) 
J. MINERAL ACIDS 
Hydrochloric acid 
Nitric acid 
Sulphuric acid 
K. PESTICIDES 
a) Carbamate Pesticides 
Bavistin (PBr) 
Carbaryl (PBr) 
b) Carboxylic Pesticides 
Indole-3-acetic acid 
Phenoxyacetic acid 
c) Chlorine Containing Pesticides 
Trichloroacetic acid 
Chloropyrifos 
d) Phosphorous Containing Pesticides 
Phamidon-85 
Malathion 
Colour 
Without 
mancozeb 
(sensitvity, ug) 
NC 
NC 
NC 
NC 
NC 
LP 
LP 
NC 
NC 
NC 
NC 
NC 
NC 
In presence of 
mancozeb 
(sensitvity, u,g) 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
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(Table 3.4 contd.) 
Compounds (Colour) 
L. PHENOLS AND THEIR 
DERIVATIVES 
Catechol (Br) 
4-Chlorophenol 
8-Hydroxyquinoline (LY) 
1-Naphthol 
2-Naphthol 
o-Nitrophenol (Y) 
Orcinol (PBr) 
Phenol 
p-Nitrophenol (Y) 
Resorcinol (LBr) 
M. SOAPS AND DETERGENTS 
Lux 
Rin 
Surf 
Vim 
N. SOILS 
Soil l(Mathura) 
Soil 2(Agra) 
Soil 3(Aligarh) 
Soil 4(Banswada) 
Soil 5(Jaipur) 
Colour 
Without 
mancozeb 
(sensitvity, fig) 
LBr 
NC 
NC 
NC 
NC 
Y 
P 
NC 
Y 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
In presence of 
mancozeb 
(sensitvity, |ig) 
BtBr 
Br 
Br 
Br 
Br 
LBr 
Br 
Br 
LBr 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
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(Table 3.4 contd.) 
Compounds (Colour) 
Colour 
Without In presence of 
mancozeb mancozeb 
(sensitvity, u,g) (sensitvity, ug) 
0. SULPHATES 
Potassium hydrogen sulphate 
Potassium sulphate 
Sodium thiosulphate 
P. SULPHIDE 
Ferrous sulphide 
Sodium sulphide 
Sulphur powder 
Q. WATER 
DW 
Tap water 
NC 
NC 
NC 
B 
B 
NC 
NC 
NC 
Br 
Br 
Br 
B 
B 
Br 
Br 
Br 
DW = distilled water, O = orange, P = pink, V = very. Abbreviations are defined 
as in Tables 3.1 and 3.2. Original colour of the test solution is given in 
parenthesis. 
D. REACTION MECHANISM 
It seems that mancozeb reacts with heavy metals to give coloured 
insoluble salts, which readily decompose with the formation of sulphide. In 
this case a yellow salt of mancozeb forms first and then readily decomposes to 
give black lead sulphide (Figure 3.1). The conversion of the yellow salt to 
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lead sulphide is accelerated by temperature. It is also known that appreciable 
amounts of carbon disulphide can be rapidly converted to lead sulphide by 
treating it with concentrated caustic alkali and plumbite solution. It is also 
reported that the formation of dithiocarbamate and hence of PbS can be 
accelerated by formaldehyde.The reason for this is not understood. Arabinose, 
H S 
I II 
CUr- N - C - S 
\ 
M + 4Na2Pb02 + 6H20 
CH2- N - C - S 
I II 
H S 
YELLOW SALT 
CH2 - NH2 
I + 2C02 + 8NaOH + 4PbS + M(OH)2 
C H 2 - N H 2 BLACK PRECIPITATE 
Where M = Mn~+, Zn"+ 
FigureS. 1: Tentative reaction scheme 
glucose, lactose, acetaldehyde. benzaldehyde also show the same effect. This 
reaction affords a means of detecting small amounts of carbon disulphide9. In 
this case, lead ethylenebisdithiocarbamate decomposes to give PbS without 
the need of any of the accelerators mentioned above, and the reaction is very 
sensitive. Decomposition is however, fast at 100°C than that at 25°C. 
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E. DISCUSSION 
Dithiocarbamates have been determined in three different ways: 
1. formation of a red-brown complex with copper in acetate medium (pH 6); 
2. hydrolysis of the dithiocarbamate with hydrochloric acid in the presence of 
stannous chloride and determination of the CS2 thus produced by: 
a) GC with flame photometric detection4; 
b) spectrophotometric determination of the yellow copper chelate (copper salt of 
N, N-bis-(2-hydroxyethyl)dithiocarbamic acid) at X = 435 nm formed by the 
reaction of CS2 with copper salt and diethanolamine in ethanolic solution5; 
c) spectrophotometric titration of CS2 against nickel(II)acetate in methanol in the 
presence of n-propylamine in acetonitrile6; 
3. determination of the metallic component of the dithiocarbamate by adjusting 
to pH 9.5±0.2 in carbonate-bicarbonate buffer, extraction with 2.8-5.6 x 10"3 M 
N- hydroxy-N,N-diphenylbenzamidine solution in chloroform, treatment of 
the chloroform layer with 0.1% 4-(2-pyridylazo)-naphthol and 
spectrophotometric determination of the reddish product at 550 nm7. 
None of these procedures can unfortunately be used for the location 
of dithiocarbamates on TLC plates. As TLC is widely used for the clean-up 
and determination of pesticides in environmental samples there is a need for 
sensitive and specific colour reactions, that can be used for TLC detection of 
dithiocarbamate pesticides; such a colour reaction has been developed for 
detection of mancozeb. The test is based on the formation of black lead 
sulphide by treatment of mancozeb with plumbite in alkaline solution. A 
similar spot test has been described for the detection of carbon disulphide with 
formaldehyde and plumbite solution8. 
The results recorded in Table 3.1 show that the test is highly sensitive 
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and selective. The smallest amounts of mancozeb that can be detected on a 
TLC plate and in solution (limits of detection) are 0.45|ig spot '' and 2.8 u.g 
(0.02 mL drop) "' respectively, i.e. the sensitivity of the test is seven times 
greater on the TLC plate than in solution. The senstivity is three times greater 
at 100°C than at 25°C. It is also clear that sensitivity was six times greater 
when an aqueous suspension was used than when an ethanolic suspension or an 
alkaline solution was used (the sensitivity for the last two is being similar). 
This might be because of the rapid breakdown of mancozeb in aqueous media 
and because in alkaline solution traces of mancozeb might be adsorbed by the 
precipitate of the metal hydroxide. The results in Table 3.2 show that plumbite 
is an excellent reagent for locating mancozeb on silica gel G plates. It can also 
be used to locate mancozeb on plates coated with calcium sulphate, cellulose, 
titanium oxide and soil, although the sensitivity decreases in the order as silica 
gel G > calcium sulphate > cellulose > titanium oxide > soil. Table 3.3 shows 
that carbon disulphide can be detected by sodium azide-iodine and plumbite 
reagent. The sodium azide-iodine spot test is 20 times more sensitive than the 
plumbite test but cannot be used for TLC detection. Similarly, copper sulphate-
ammonia piperdine/dimethylamine hydrochloride and copper chloride-acetic 
acid spot tests are not suitable for TLC. Thus the plumbite test alone can be 
used for detection of mancozeb in TLC. 
Table 3.4 shows that the test can be successfully used for the 
detection of mancozeb in the presence of several acids, alcohols, aldehydes, 
amides, amines, ethers, hydrocarbons, mineral acids, phenols, ureas, soaps, 
detergents and pesticides. This test can also be used in the presence of several 
inorganic salts and gives good results when used to detect mancozeb in 
extracts of soil and wdter. 
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CHAPTER IV 
STANDARDIZATION OF FORMULATED 
PRODUCTS OF MANCOZEB BY 
COMPLEXATION TITRATION WITH 
ETHYLENEDIAMINETETRAACETIC ACID 
A. INTRODUCTION 
Mancozeb is a protective-leaf fungicide . It is available in the form 
of wettable powder, dust, liquid flowable and flowable suspension. Mancozeb 
is stable under normal dry storage conditions, slowly decomposed by heat and 
moisture and unstable in acidic medium. Its repeated skin contact can result in 
irritation. Due to its action on skin, eyes, respiratory tract and mucous 
membrane, its exposure to small quantities shall be avoided. 
In order to fulfil the primary purpose of fungicidal effect and to 
minimize any adverse effect, it is essential to develop proper testing 
procedures for mancozeb. The analytical methods used so far are based on the 
estimation of carbon disulphide~ by using spectrophotometry "^ and gas 
chromatography'. These methods are very sensitive and accurate but are 
costly, sophisticated, laborious, time consuming and non-selective. 
Therefore, a simple, inexpensive and rapid volumetric method based 
on the complexation of the metal ion with ethylenediaminetetracetic acid 
(EDTA or versenate) at pH 10 has been developed. The results obtained are 
described in this chapter. 
B. EXPERIMENTAL 
1. Apparatus: Conical flasks, droppers, burettes, graduated pipettes etc. 
2. Chemicals: Mancozeb (75% W.P.) (Baeyer, India; Jaishree Agro Industries 
Pvt. Ltd.. India: Indofil Chemical Company. India and Hindustan Ciba-Geigy 
Ltd.. India), disodium salt of ethylenediaminetetraacetic acid and ammonium 
chloride. (Glaxo Laboratories Ltd., India), manganese(ll)sulphate 
monohydrate (Sarabhai M. Chemicals, India), zinc metal and magnesium 
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sulphate ( Merck, India), ascorbic acid (CDH, India), liquor ammonia 
(Chaudhary Chemical Works. India) were used. 
All other chemicals and reagents used were of analytical grade. 
3. Preparation of Solutions: Mancozeb suspension (1 g/100 mL) was prepared 
in distilled water. To prepare standard zinc solution (0.1 M), the pellets of 
zinc metal (10 g) were made free from oxide by treating with 20 mL of 
dilute hydrochloric acid (1:5). the excess acid was decanted and then the 
pellets were washed (3-4 times) with water, ethanol and finally with ether. 
The dried pellets were weighed ^6.537 g) and dissolved in concentrated 
hydrochloric acid. The excess of acid was kept as small as possible. The cold 
solution was made up to one litre with distilled water. Manganese sulphate 
solution (0.065 M) was prepared in distilled water. The admixture9 of zinc and 
manganese solutions was prepared by mixing above mentioned solution of 
zinc and manganese in the ratio of 1.7 w/w (1:12.8 mL). The total volume was 
made up to 100 mL with distilled water. Magnesium sulphate solution (0.1 M) 
was prepared by dissolving 24.6470 g of MgS04.7H20 in distilled water. 
EDTA solution (0.01 M. 0.1 M) was prepared in distilled water. The solution 
of Eriochrome Black T. an indicator, was prepared by dissolving 0.2g of 
dyestuff in 15 mL of triethanolamine containing 5 mL of ethanol. Ammonia 
buffer of pH 10 was prepared as usual1 . 
4. EDTA Titrations 
a) Standardization of EDTA: Different volumes of zinc solution (0.5-2.5 mL of 
0.1 M) was taken in conical flasks, then ammonia buffer (10 mL) and 
indicator (1 mL) was added to it. The total volume of the solution was made 
up to 100 mL with distilled water. The wine red colour solution so obtained 
was titrated with (0.01 M) EDTA till the colour of the solution turns to blue. 
71 
The titration was repeated 3-4 times. The concurrent reading was used for 
calculations. 
b) Titration of manganese with standard EDTA. Different volumes of 
manganese solution (0.5-2.5 mL of 0.065 M) was taken in conical flasks and a 
pinch of ascorbic acid, ammonia buffer (10 mL) and indicator (1 mL) were 
added to it. The total volume of the solution was made up to 100 mL with 
distilled water and then titrated with standard EDTA solution, until the colour 
changes from wine red to blue. 
c) Titration of zinc and manganese admixtures with standard EDTA: 
Different volumes (0.5-2.5 mL) of the admixture were taken in conical flasks. 
A pinch of ascorbic acid, buffer solution (10 mL) and indicator (1 mL) were 
added to it. The total volume of the admixture was made up to 100 mL with 
distilled water and then titrated with standard EDTA solution as above. The 
colour of the solution changes from red wine to blue on reaching the end-
point. 
d) Titration of maneozeb formulations with standard EDTA: 
i) Direct method: Different volumes (0.5-2.5 mL) of the suspension of maneozeb 
formulations 1. 11. Ill were taken in conical flasks. A pinch of ascorbic acid. 
buffer solution (10 mL) and indicator (1 mL) were added to it. The total 
volume of the admixture was made up to 100 mL with distilled water and then 
titrated with standard EDTA solution, until the end-point was reached as 
solution changes to blue. 
ii) Replacement method: Different volumes (0.5-2.5 mL) of the suspension of 
maneozeb formulations 1. 11, 111 were taken in conical flasks and a pinch of 
ascorbic acid, the ammonia buffer (10 mL). EDTA (4 mL of 0.1M) and the 
indicator (1 mL) were added to it. The colour of the solution becomes blue. 
On the addition of magnesium sulphate solution (4 mL of 0.1 M) the colour of 
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the solution changes to wine red. The total volume of the admixture was made 
up to 100 mL with distilled water and then titrated with standard EDTA 
solution, until the wine red colour changes to blue. 
i) Replacement method without ascorbic acid: Different volumes (0.5-2.5 mL) 
of the mancozeb formulations 1, 11, 111 were taken in conical flasks. The buffer 
solution (10 mL) and the indicator (1 mL) were added to it. Then procedure 4 
(d) (ii) was applied. 
C. RESULTS 
The standard solution of EDTA (0.0098 * 0.01M) was used. The 
metal ion concentration was used to compute the concentration of zineb. 
maneb and mancozeb by using the following mathematical expressions 
Zineb = 275J74 x X ng . . . 1 
65.38 
Maneb = -65.29 x y
 Mg . . . 2 
54.94 
where x = (.ig of zinc and y = ug of manganese 
Mancozeb = 10% zineb + 70% maneb . . . 3 
Formulation = 75% mancozeb + 25% additives 
The result of titration of admixtures of Zn and Mn and computation 
data are recorded (Table 4.1). Results of direct titration, replacement titration 
and replacement titration without ascorbic acid of the three formulations under 
study are recorded in Tables 4.2- 4.4. 
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Table 4.2: EDTA titrations with different formulations by direct method 
Amount 
taken 
(mg) 
3.75 
7.50 
11.25 
15.00 
18.75 
Formulation 1 
Amount 
found 
(mg) 
4.80 
7.60 
11.60 
16.20 
19.90 
Error 
% 
+28.00 
+ 1.30 
+ 3.10 
+ 8.00 
+ 6.10 
Formulation 11 
Amount 
found 
(mg) 
4.10 
7.20 
11.20 
14.40 
18.20 
Error 
% 
+9.30 
-4.00 
-0.44 
-4.00 
-2.93 
Formulation 111 
Amount 
found 
(mg) 
4.60 
7.20 
11.40 
14.40 
18.20 
Error 
% 
+22.70 
- 4.00 
+ 1.30 
- 4.00 
- 2.93 
Table 4.3: EDTA titrations with different formulations by replacement 
method 
Amount 
taken 
(mg) 
3.75 
7.50 
11.25 
15.00 
18.75 
Formulation 1 
Amount 
found 
(mg) 
4.10 
6.40 
9.70 
14.00 
17.80 
Error 
% 
+ 9.30 
-14.70 
-13.80 
- 6.70 
- 5.10 
Formulation 11 
Amount 
found 
(mg) 
3.60 
6.80 
11.60 
14.60 
18.90 
Error 
% 
- 4.00 
- 9.30 
+ 3.10 
- 2.70 
+ 0.80 
Formulation 111 
Amount 
found 
(mg) 
3.60 
7.00 
10.60 
14.60 
19.40 
Error 
% 
-4.00 
-6.70 
-5.80 
-2.70 
-3.47 
Table4.4 : EDTA titrations with different formulations by replacement 
method without ascorbic acid 
Amount Formulation 1 Formulation 11 Formulation III 
Amount Error Amount Error Amount Error 
( m g )
 found % found % found % 
inml (ms) (msl 
3.75 
7.50 
11.25 
15.00 
18.75 
3.50 
7.40 
10.00 
15.40 
19.60 
- 6.70 
- 1.30 
-11.10 
+ 2.70 
+ 4.50 
4.30 
7.60 
11.00 
14.40 
18.60 
+ 14.70 
+ 1.30 
- 2.20 
- 4.00 
- 0.80 
4.30 
7.00 
11.00 
13.70 
18.40 
+ 14.70 
- 6.70 
- 2.20 
- 8.70 
- 1.87 
D. DISCUSSION 
Literature survey shows that EDTA titrations are simple. 
inexpensive, rapid and readily available tools for the determination of metal 
ions . They are being successfully used8 for determining metal ion in natural 
water, cement, ores, rocks, humus, plant ashes, animal ashes etc. The metal 
containing fungicides: ferbam, maneb. zineb and ziram; acaricide: methyl 
metiram: rodenticide: zinc phosphide and herbicide: calcium cynamide. can be 
determined by using EDTA titrations. It is well known that mancozeb is 
insoluble in most of the common organic solvents and very slightly soluble in 
water. However Woodrow et.al.^ have reported that solution of standard 
mancozeb can be prepared in 0.1M EDTA. Dimethylformamide and 
dimethylsulphoxide have been considered as solvents for the preparation of 
mancozeb solution. It has been reported7 that the mancozeb is soluble in 
alkaline solution of 0.2 M EDTA containing 0.5 g L-cystine. It is also known 
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the indicator and Mn(IV) are blocked together and a sharp end-point cannot be 
obtained. 
Thus, the above proposed method is simple, inexpensive and rapid 
than spectrophotometry ', gas chromatography^ that are being used for 
determining mancozeb. 
7S 
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CHAPTER V 
SYNTHESIS AND FUNGICIDAL 
PROPERTIES OF SOME 
TRANSITIONAL METAL SALTS 
OF DITHIOCARBAMIC ACID 
A. INTRODUCTION 
The plant protection has become necessary in order to increase the 
food production to feed the increasing population. Among the commercially 
available current fungicides the group of dithiocarbamate is of special interest. 
This interest stems in part from the biological activity of the ligand which 
results in its extensive use as pharmaceuticals, protective broad leaf fungicides 
and quite recently in the therapy of HIV infection1. 
Many dithiocarbamates such as maneb, mancozeb, nabam, ziram, 
zineb etc. are being used as protective fungicides for the last many years. ' 
Therefore, their effectiveness has somewhat reduced and their large doses are 
required for fungal control. Thus, there is a growing interest in synthesizing 
new dithiocarbamates, which can be applied at low concentration to control the 
fungal growth. Recently bis(triphenylphosphine)(N,N-dimethyldithio-
carbamate)copper(I), bis(triphenylphosphine)(N,N-diethyldithiocarbamate) 
copper(I)4, tris(carbodithioato)iron(III) complexes5 etc. have been synthesized 
and tested for fungicidal behaviour. Therefore, now some new 
dithiocarbamates such as dimethyldithiocarbamate of Zn(II) and Mn(II); 
morpholinedithiocarbamate of Zn(II) and Mn(II) and diphenyldithiocarbamate 
of Zn(II) and Mn(II) have been synthesized. Their infrared and X-ray studies 
have been made. Fungicidal activity of these compounds has been tested by 
inhibition zone method using fungi Helminthosporium goffybii and Alternaria 
solani. The already known fungicide, zinc dimethyldithiocarbamate, has now 
been prepared again and its properties have been included for the sake of 
comparison. The results are reported in this chapter. 
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B. EXPERIMENTAL 
1. Apparatus: Conical flasks, graduated pipettes, ice bath, micropipettes, 
magnetic stirrer, flat bottomed petri dishes (90 mm pyrex), triangular folded 
glass rod, autoclave, Reichert thermovar, electric oven (Tempo), Perkin-Elmer 
137 spectrophotometer and Philips Analytical X-ray B.V. PW 1710 were used. 
2. Chemicals: Acetone, carbon disulphide, diphenylamine, methanol, morpholine 
and sodium hydroxide (CDH, India); dimethylamine (Qualigens, India); 
dextrose and zinc sulphate (S.D. Fine Chemicals, India); manganese sulphate 
(Sarabahi M.Chemicals, India); agar-agar Type I (Hi media, India); ethanol 
(distilled in laboratory), mancozeb (75%WP) (Jaishree Agro Industries Pvt. 
Ltd., India), Fungi Helminthosporium poffvbii and Alternaria solani (IARI, 
New Delhi) were used. 
All other chemicals and reagents used were of AR and LR grades. 
3. Preparation of Dithiocarbamates : 
a) Metal dimethyldithiocarbamates (C1-C2): Dimethylamine (18 mL of 25-
30% w/v) was taken in a conical flask, cooled in ice bath at 3-5°C and 5 mL of 
80% sodium hydroxide solution was added to it with constant stirring. Carbon 
disulphide (6 mL) was added dropwise to the above reaction mixture making 
sure that no fumes escape from the flask. The reaction mixture was stirred for 
four h at 10°C and kept overnight in refrigerator; the needle shaped crystals 
separate out. To this reaction mixture, the corresponding metal salts i.e. zinc 
sulphate or manganese sulphate (100 mL, 0.1 N) was added and stirred for two 
h. The microcrystalline solid so obtained was filtered, washed with distilled 
water (2 x 20 mL), dried at room temperature (30°C) and dessicated over 
calcium carbonate. 
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b) Metal morpholinedithiocarbamates (C3-C4): Morpholine (8 mL of 99% 
w/v) was taken in place of dimethylamine and procedure 3(a) was followed. 
c) Metal diphenyldithiocarbamates (C5-C6): Diphenylamine (16.9230 g in 20 
mL ethanol) was taken in place of dimethylamine and then procedure 3(a) was 
followed. 
The melting point of the compound was recorded by Reichert 
thermovar. The infrared spectra were taken as KBr pellets in the range of 400-
5000 cm"1 using a Perkin-Elmer 137 spectrophotometer. X-ray analysis was 
done by using Philips Analytical X-ray B.V. PW 1710 diffractometer and all 
other calculations were carried out by using PC-APD diffraction software. 
4. Fungicidal Activity Test: The above synthesized compounds were tested for 
fungicidal activity by inhibition zone method6,7'8 using Helminthosporium 
goffvbii and Alternaria solani by the following procedure: 
a) Seeded agar plates: A homogenous mixture of potato-dextrose-agar 
(200:20:16) was prepared in 1L distilled water and sterilized at 100°C. This hot 
solution (15 mL) was poured in each sterilized petri dish and cooled down to 
25°C to form the solidified agar dish. After the agar was solidified 5 mL of 
warm seeded agar was applied. This warm seeded agar was prepared by 
cooling the molten agar to 70°C and mixing the fungal spores suspension 
(approximate 100 viable spores mL"1 of seeded agar) to it. The warm seeded 
agar was spread out uniformly on the solidified agar dish by sterilized 
triangular folded glass rod to form the seeded agar dish. These dishes with tops 
upside down were stacked in refrigerator (2-4°C) to prevent condensation of 
moisture. 
b) Test samples: The stock suspensions of dithiocarbamates (C1-C6) and 
mancozeb were prepared by agitating O.lg and 0.2g of the compound each in 
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100 mL of acetone respectively. The stock suspensions of dithiocarbamates 
were stored at 8°C in refrigerator to avoid any loss in the activities of the 
compounds. The suspension was vigorously shaken before use. 
b) Setting up the assay: The circular discs (1 cm i.d.) of Whatman No. 41 filter 
paper were prepared and autoclaved. The test chemical suspension (C1-C6 and 
mancozeb) or acetone (control) (0.02mL) were impregnated on the autoclaved 
paper discs by a calibrated micropipette and dried at room temperature (25°C). 
These impregnated paper discs were then placed on the center of each chilled 
seeded agar dish with a needle. 
c) Incubation: The dishes were kept for incubation at 28°C for 
Helminthosporium goffvbii (24 h) and at 20°C for Alternaria solani (72 h) 
before the clear zone of inhibition around each disc was measured from the 
center of the paper disc. 
C. RESULTS 
The compounds under study have been found to be insoluble solids 
in most of the organic solvents so further attempt for purification was not 
possible and all measurements were made on solids obtained straight from the 
reaction mixture. Zinc dimethyldithiocarbamate is one of the already known 
and used fungicides. However, it has been studied for the sake of comparison. 
1. Zinc dimethyldithiocarbamate (CI): White microcrystalline solid, yield = 
99%, m.p.= 248°C. The compound is insoluble in ethyl acetate, ether; slightly 
soluble in acetone, chloroform, 5% sodium hydroxide, 5% versenate plus 
ammonia buffer of pH 10 (1:1) and it decomposes in concentrated 
hydrochloric acid and sulphuric acid. IR(KBr) 2962w, 2853w, 1520s, 1439w, 
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1388s, 1243s, 1147m, 1050w, 1014w, 973s, 566w, 444w. The X-ray data is 
reported in Table 5.2. It inhibits the growth of both the fungi i.e. 
Helminthosporium goffybii and Alternaria solani. The results are reported in 
Table 5.8 and Figure 5.1. 
2. Manganese dimethyldithiocarbamate(C2): Yellowish brown 
microcrystalline solid, yield = 82.27%, m.p. = 152°C. The compound is 
insoluble in water, ethyl acetate, ether; slightly soluble in acetone, chloroform, 
5% sodium hydroxide, 5% versenate plus ammonia buffer of pH 10 (1:1) and 
it decomposes in concentrated hydrochloric acid and sulphuric acid. IR(KBr) 
2924w, 285 lw, 1501w, 1400w, 1374m, 1236m, 1148w, 1039w, 970m, 848w, 
620w, 562w, 52lw, 441w. The X-ray data is reported in Table 5.3. It shows 
good fungicidal activity as it inhibits both the fungi. The results are reported in 
Table 5.8 and Figure 5.2. 
3. Zinc morpholinedithiocarbamate (C3): White microcrystalline solid, yield = 
82.27%, m.p. = 260°C. The compound is insoluble in water, acetone, ethyl 
acetate and ether; slightly soluble in chloroform, 5% sodium hydroxide, 5% 
versenate plus ammonia buffer of pH 10 (1:1) and it decomposes in 
concentrated hydrochloric acid and sulphuric acid. IR(KBr) 2966m, 2919w, 
2854m, 1491s, 1433s, 1383w, 1299w, 1265s, 1242s, 1115s, 1066w, 1025s, 
998s, 899w, 876w, 827m, 603w, 539m, 42lw. The X-ray diffraction data is 
reported in Table 5.4. This compound does not show any fungicidal activity 
for Alternaria solani but slightly inhibits the growth of Helminthosporium 
goffybii-
4. Manganese morpholinedithiocarbamate (C4): Brown microcrystalline solid, 
yield = 89.75%, m.p. = 258°C. The compound is insoluble in water, ether; 
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slightly soluble in acetone, ethyl acetate, chloroform, 5% sodium hydroxide, 
5% versenate plus ammonia buffer of pH 10 (1:1) and it decomposes in 
concentrated hydrochloric acid and sulphuric acid. IR(KBr) 2965w, 2917w, 
2856w, 1475m, 1416s, 1358w, 1301w, 1264s, 1227s, 1210w, 1180w, 1114s, 
1060w, 1031m, 977m, 914w, 856w, 794w, 630w, 535m, 410w. The X-ray 
diffraction data is reported in Table 5.5. This compound shows fungicidal 
activity and the results are reported in Table 5.8 and Figure 5.3. 
5. Zinc diphenyldithiocarbamate (C5): White microcrystalline solid, yield = 
98%, m.p. = 54°C. The compound is insoluble in ethyl acetate, ether; slightly 
soluble in water, acetone, chloroform, 5% sodium hydroxide, 5% versenate 
plus ammonia buffer of pH 10 (1:1) and it decomposes in concentrated 
hydrochloric acid and sulphuric acid. IR(KBr) 3406w, 3382m, 3039w, 2924w, 
1596s, 1519s, 1494s, 1457m, 1417m, 1318m, 1242w, 1210w, 1172w, 1084w, 
1025w, 993w, 876w, 746s, 689s, 64 Iw, 614w, 424w The X-ray data is 
reported in Table 5.6. This compound is found to be non-fungicidal for the 
fungi under study. 
6. Manganese diphenyldithiocarbamate (C6): Brown microcrystalline solid, 
yield = 82%, m.p. = 53°C. The compound is insoluble in water, ether; slightly 
soluble in acetone, chloroform, 5% sodium hydroxide, 5% versenate plus 
ammonia buffer of pH 10 (1:1) and it decomposes in concentrated 
hydrochloric acid and sulphuric acid. IR(KBr) 3405w, 3381m, 1594s, 1517s, 
1494s, 1458m, 1417m, 1315s, 1242w, 1173w, 1079w, 1023w, 989w, 875w, 
746s, 691m, 614w, 502w, 430w. The X-ray diffraction data is reported in 
Table 5.7. This compound also does not show any fungicidal activity for the 
fungi under study. 
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Table 5.1: Selected infrared frequencies for metal dithiocarbamates 
Compound 
Zinc dimethyldithio-
-carbamate(Cl) 
Manganese dimethyl-
-dithiocarbamate (C2) 
Zinc morpholine-
-dithiocarbamate (C3) 
Manganese morpholine-
-dithiocarbamate(C4) 
Zinc diphenyldithio-
-carbamate (C5) 
Manganese diphenyl-
Dithiocarbamate (C6) 
vc=N(cm"1) 
1520 s 
1501m 
1491 s 
1475m 
1519s 
1517s 
Vc=s(cm*') 
973 s 
969 m 
998 s 
977 s 
993 w 
989 w 
M = mild, s = sharp, w = weak. 
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Table 5.2: Powder X-ray data of zinc dimethyldithiocarbamate 
Peak Angle d-value d-value Relative 
no. [°20 ] a1 [ A0 ] a2 [ A° ] intensity [%] 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
12.085 
25.535 
15.035 
12.300 
24.275 
13.890 
30.250 
40.625 
21.450 
21.150 
33.390 
30.440 
34.425 
31.495 
20.055 
30.935 
43.615 
31.740 
32.100 
43.450 
7.3175 
3.4855 
5.8877 
7.1900 
3.6635 
6.3704 
2.9521 
2.2189 
4.1392 
4.1972 
2.6813 
2.9341 
2.6030 
2.8382 
4.4238 
2.8883 
2.0735 
2.8168 
2.7861 
2.0810 
7.3356 
3.4942 
5.9023 
7.2079 
3.6726 
6.3862 
2.9594 
2.2244 
4.1495 
4.2076 
2.6880 
2.9414 
2.6095 
2.8452 
4.4348 
2.8955 
2.0786 
2.8238 
2.7930 
2.0862 
100.0 
59.6 
51.8 
48.7 
17.7 
17.4 
13.4 
12.4 
11.1 
10.9 
10.3 
9.8 
8.8 
8.6 
8.2 
6.5 
6.4 
6.2 
5.7 
5.5 
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Table 5.3: Powder X-ray data of manganese dimethyldithiocarbamate 
Peak Angle d-value d-value Relative 
no. [°20 ] a1 [ A° ] a2 [ A° ] Intensity [%] 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
15.775 
26.165 
17.945 
36.145 
18.655 
32.505 
18.795 
39.350 
29.540 
14.210 
34.895 
60.130 
28.975 
22.115 
31.800 
39.350 
38.365 
58.560 
27.710 
31.170 
5.6131 
3.4030 
4.9390 
2.4830 
4.7525 
2.7523 
4.7175 
2.2878 
3.0214 
6.2276 
2.5690 
1.5375 
3.0790 
4.0162 
2.8117 
2.2878 
2.3443 
1.5750 
3.2167 
2.8670 
5.6271 
3.4115 
4.9512 
2.4892 
4.7644 
2.7591 
4.7292 
2.2935 
3.0289 
6.2431 
2.5754 
1.5414 
3.0867 
4.0262 
2.8186 
2.2935 
2.3501 
1.5789 
3.2247 
2.8742 
100.0 
82.6 
37.1 
24.5 
21.5 
20.7 
18.3 
17.9 
17.5 
15.3 
13.6 
10.7 
10.1 
9.8 
9.6 
9.6 
6.5 
5.8 
5.6 
5.6 
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Table 5.4: Powder X-ray data of zinc morpholinedithiocarbamate 
Peak Angle d-value d-value Relative 
no. [°28 ] a1 [ A0 ] a2 [ A° ] intensity [%] 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
15.230 
23.840 
7.715 
11.235 
23.385 
12.850 
11.875 
10.015 
24.100 
19.225 
31.090 
11.650 
39.135 
22.125 
30.160 
32.785 
35.065 
29.475 
33.905 
24.670 
5.8127 
3.7293 
11.4497 
7.8691 
3.8009 
6.8835 
7.4464 
8.8248 
3.6897 
4.6129 
2.8742 
7.5897 
2.2999 
4.0144 
2.9607 
2.7294 
2.5570 
3.0279 
2.6418 
3.6057 
5.8272 
3.7386 
11.4781 
7.8886 
3.8103 
6.9006 
7.4649 
8.8467 
3.6989 
4.6244 
2.8814 
7.6086 
2.3056 
4.0244 
2.9681 
2.7362 
2.5633 
3.0355 
2.6483 
3.6147 
100.0 
48.7 
36.9 
26.5 
26.5 
19.4 
18.6 
16.7 
13.4 
12.7 
12.3 
11.6 
11.4 
11.2 
10.8 
10.6 
10.8 
9.3 
8.9 
8.0 
89 
Table 5.5: Powder X-ray data of manganese morpholinedithiocarbamate 
Peak 
no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Angle 
[°20] 
19.870 
17.465 
8.430 
26.365 
15.855 
32.695 
24.035 
24.305 
20.125 
29.310 
36.120 
32.270 
19.225 
26.000 
21.885 
23.035 
16.895 
59.965 
33.575 
36.620 
d-value 
a' [ A0 ] 
4.4646 
5.0736 
10.4801 
3.3776 
5.5850 
2.7367 
3.7018 
3.6590 
4.4086 
3.0446 
2.4847 
2.7718 
4.6129 
3.4242 
4.0579 
3.8578 
5.2435 
1.5414 
2.6670 
2.4519 
d-value 
a2 [ A0 ] 
4.4757 
5.0862 
10.5062 
3.3860 
5.5989 
2.7435 
3.7110 
3.6681 
4.4196 
3.0522 
2.4908 
2.7787 
4.6244 
3.4327 
4.0680 
3.8674 
5.2565 
1.5452 
2.6736 
2.4580 
Relative 
Intensity [%] 
100.0 
73.5 
70.8 
5L8 
48.8 
45.2 
38.3 
37.0 
35.7 
33.9 
30.3 
28.0 
26.3 
24.2 
19.8 
19.3 
17.0 
15.7 
12.2 
12.2 
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Table 5.6: Powder X-ray data of zinc diphenyldithiocarbamate 
>eak 
no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Angle 
[°20] 
9.330 
18.690 
20.305 
19.975 
25.265 
21.545 
18.465 
47.830 
71.550 
13.995 
18.260 
9.905 
29.005 
28.260 
27.285 
37.835 
17.790 
26.930 
18.980 
20.980 
d-value 
a ' [ A ° ] 
9.4711 
4.7437 
4.3699 
4.4414 
3.5221 
4.1211 
4.8010 
1.9001 
1.3176 
6.3228 
4.8545 
8.9225 
3.0759 
3.1553 
3.2658 
2.3759 
4.9816 
3.3080 
4.6719 
4.2308 
d-value 
a2 [ A° ] 
9.4946 
4.7555 
4.3808 
4.4524 
3.5309 
4.1314 
4.8130 
1.9049 
1.3209 
6.3385 
4.8665 
8.9447 
3.0836 
3.1631 
3.2739 
2.3818 
4.9940 
3.3163 
4.6835 
4.2413 
Relative 
Intensity [%] 
100.0 
47.8 
41.1 
24.7 
23.8 
20.7 
18.6 
18.6 
15.3 
13.8 
11.1 
9.7 
8.7 
8.3 
8.2 
8.2 
6.4 
6.1 
5.3 
4.9 
91 
Table 5.7: Powder X-ray data of manganese diphenyldithiocarbamate 
Peak 
no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Angle 
[°26] 
9.755 
18.950 
19.120 
9.905 
20.355 
20.890 
9.575 
36.415 
18.700 
32.750 
28.585 
38.190 
29.260 
60.285 
23.780 
14.440 
29.875 
18.315 
25.590 
58.955 
d-value 
a1 [A°] 
9.0594 
4.6792 
4.6380 
8.9225 
4.3593 
4.2489 
9.2293 
2.4652 
4.7412 
2.7322 
3.1202 
2.3546 
3.0497 
1.5340 
3.7386 
6.1289 
2.9883 
4.8400 
3.4781 
1.5654 
d-value 
a 2 [ A ° ] 
9.0819 
4.6909 
4.6495 
8.9447 
4.3701 
4.2594 
9.2522 
2.4713 
4.7530 
2.7390 
3.1279 
2.3605 
3.0573 
1.5378 
3.7479 
6.1442 
2.9957 
4.8520 
3.4868 
1.5692 
Relative 
intensity [%] 
100.0 
44.1 
36.5 
28.9 
26.1 
25.4 
23.2 
21.8 
21.4 
15.6 
14.5 
14.5 
13.4 
12.0 
9.6 
7.0 
6.8 
6.6 
6.1 
5.7 
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( a ) 
Figure 5.1: Fungicidal behaviour of zinc dimethyldithiocarbamate 
on (a) Helminthosporium goffybii and (b) Alter nana 
solani by inhibition zone method 
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( a ) 
( b ) 
Figure 5.2: Fungicidal behaviour of manganese dimethyldithio-
carbamate on (a) Helminthosporium goffybii and (b) 
Alternaria solani by inhibition zone method 
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( a ) 
( b ) 
Figure 5.3: Fungicidal behaviour of manganese morpholine-
dithiocarbamate on (a) Helminthosporium goffybii and 
(b) Alternaria solani by inhibition zone method 
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(a ) 
( b ) 
Figure 5.4: Fungicidal behaviour of mancozeb on (a) Helminthosporium 
goffybii and (b) Alternaria solani by inhibition zone method 
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( a ) 
( b ) 
Figure 5.5: Fungicidal behaviour of control on (a) Helminthosporium 
goffybii and (b) Alternaria solani by inhibition zone 
method 
97 
Table 5.8: Fungicidal activity of some dithiocarbamates by inhibition zone 
method 
Compounds 
CI 
C2 
C3 
C4 
C5 
C6 
mancozeb 
control 
Helminthospori 
lOug 
(mm) 
14 
15 
0 
8 
0 
0 
4 
0 
urn sp. 
20p.g 
(mm) 
20 
21 
4 
18 
0 
0 
10 
0 
Alternaria solani 
long 
(mm) 
3 
4 
0 
0 
0 
0 
0 
0 
20ng 
(mm) 
10 
8 
0 
"> 
0 
0 
7 
0 
D DISCUSSION 
The alkali salts of alkyldithiocarbamic acid (1) are produced easily 
and in practically quantitative yields by reacting the corresponding amine, with 
carbon disulphide in presence of alkali hydroxide. 
R.NH + NaOH + CS, R,NCSNa + H,0 
' I 
S 
. . ( 1 ) 
where R = methyl, morpholine and phenyl 
This water soluble alkali salt reacts with zinc or manganese salt the 
corresponding salt of dithiocarbamic acid is formed. These salts (2) are 
practically insoluble in water. 
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2R2NCSNa + ZnS04 • (R2NCS)2Zn + Na2S04 . . . (2) 
II II 
s s 
Relevant infrared bands for these compounds are given in Table 5.1. 
The following two regions of the spectra are particularly informative with 
9 12 
respect to molecular structure of these compounds. 
Peak at 1250 cm'1 is due to the absorption caused by C-N stretching 
vibrations. The thiureide band, which arises as a consequence of derealization 
of the electron pair on nitrogen to the R2N-CS2 bond (polar canonical form) 
appears at 1500 cm'1. This bond increases the double bond character of the 
linkage and displaces the band from 1250 cm"1 to 1500 cm"1. This effect can 
be clearly noted by inspecting the values reported in Table 5.1 which ranges 
from 1522 cm'1 to 1475 cm"1. 
The position of antisymmetric C=S stretching vibrations of >NCS2 
group of carbodithioate ligands appear to be in region 1050 cm"1 to 1200 cm"1. 
The electron donation from the S atom to the metal causes a shift from its 
typical position of 1200 cm"1 to 970 cm"1. This effect is also apparent from the 
results reported in Table 5.1. 
The d-values13 (cd-a2) and relative intensity of X-ray diffraction 
data of samples C1-C6 are reported in Tables 5.2 - 5.7. 
The compounds under study were assayed on seeded agar plates by 
inhibition zone method. The adaption of the agar diffusion method for the 
assay of compounds in the field of plant pathology offers interesting 
possibilities where small amounts of highly active compound can be 
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determined. The fungicidal activity of dithiocarbamates under study, mancozeb 
and control are given in Table 5.8 and Figures 5.1-5.5. 
Helminthosporium goffybii and Alternaria solani were used as an 
assay organism for the study of fungicidal activity of the dithiocarbamates 
under study. In this method the diameter of the inhibition zone was measured 
to the nearest millimetre and the average of 5 replicates was calculated. No 
inhibition zone was produced by disc of blotting paper alone or by disc 
containing acetone (control). Among the six dithiocarbamates under study C5 
and C6 do not show fungicidal activities. However, C4 and mancozeb (20 u.g) 
shows mild fungicidal activity, as they inhibit the fungal growth by forming an 
inhibition zone of 18 mm and 10 mm for Helminthosporium goffybii and 2 
mm and 7 mm for Alternaria solani respectively. Sample C3 (20 fig) also 
shows weak fungicidal activity as it inhibits the growth of Helminthosporium 
sp. by 4 mm but it is unable to inhibit the growth of Alternaria solani. 
Samples, C1 and C2 (20 fig) show good results as they form an inhibition zone 
of 20 mm and 27 mm for Helminthosporium sp. and 10 mm and 8 mm for 
Alternaria solani respectively. They also show good fungicidal activity at 10 
[!g level. 
Thus, the dithiocarbamates such as zinc dimethyldithiocarbamate, 
manganese dimethyldithiocarbamate, manganese morpholinedithiocarbamate can 
be used as fungicides to control the fungal activity of Helminthosporium zoffybii 
and Alternaria solani. 
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CHAPTER VI 
MULTILINEAR RETENTION 
MODEL (R„ VALUES) IN 
TLC FOR USE IN 
HERBICIDES ANALYSIS 
A INTRODUCTION 
Thin layer chromatographic behaviour of 10 herbicides containing 
carboxylic acid group has been studied. Previous research work '"5 shows that 
calcium sulphate and silica gel G both cannot be utilized as stationary phase in 
TLC for the separation of carboxylic acid herbicides. A new admixture6 named 
as silica gel G4 (Silica gel G : Calcium sulphate:: 1:4 w/w) has a very high 
analytical potential for the separation. of above mentioned compounds. 
Therefore, separation potential of silica gel G4 was examined in several mobile 
phases. 
The RF and RM values of these solutes on different stationary phases 
in 19 mobile phases have been computed. The multilinear retention model has 
been worked out for several solutes in GC or GLC. However, no such attempt 
has been made for TLC analysis data. 
Therefore, now an attempt is made for the first time to fit 
development chromatographic (DC) data (RM) to the multilinear retention 
model with a limited set of compounds at different DC phases. The results so 
obtained are discussed in this chapter. 
B. EXPERIMENTAL 
1. Apparatus: A Stahl apparatus with a universal applicator (thickness of the 
applied layers adjustable from 0.25 - 2.0 mm) (made in India), glass plates (20 
x 4 cm), glass jars (25 x 5 cm) and temperature controlled electric oven 
(Tempo, India) were used. 
2. Chemicals and Reagents: Calcium sulphate dihydrate and silica gel G (Merck, 
India), soap and detergent (Hindustan Lever Ltd., India), bromophenol blue, 
herbicides and plant growth regulators (Sigma, USA) were used. 
The other reagents and chemicals used were of analytical grade. 
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3. Preparation of solution: Solutions of herbicides and plant growth regulators 
(2%) were prepared in ethanol. Soap, detergent (2 g), coconut oil (2 mL) were 
separately shaken with 100 mL of hot ethanol and filtered. The clear filtrate 
obtained was used for the chromatographic studies. Silver nitrate solution (1%) 
was prepared in distilled water and kept in a dark coloured bottle to prevent 
oxidation. 
4. Chromatography: 
a) Preparation of plates: The following coatings of silica gel G, calcium 
sulphate, lead sulphate and their admixtures were used as stationary phase: 
(i) SiG : Silica gel G (40 g) + DW (70 mL) 
(ii) SiCa4-l : Silica gel G (40 g) +Calcium sulphate (10 g) +DW (115 mL) 
(iii) SiCa 3-2 : Silica gel G (30 g) + Calcium sulphate (20 g) + DW (115 mL) 
(iv) SiCal-1 : Silica gel G (25 g) + Calcium sulphate (25 g) + DW (115 mL) 
(v) SiCa2-3 : Silica gel G (20 g) + Calcium sulphate (30 g) +DW (115 mL) 
(vi) SiCa 3-7 : Silica gel G (15 g) + Calcium sulphate (35 g) + DW (115 mL) 
(vii) SiCa 1 -4 : Silica gel G (10 g) + Calcium sulphate (40 g) + DW (115 mL) 
(viii) SiCa 1-9 : Silica gel G ( 5 g) + Calcium sulphate (45 g) + DW (115 mL) 
(SiG4) 
(ix) CaS : Calcium sulphate (20 g) + DW (45 mL) 
(x) LeS : Lead sulphate (40 g) + DW (35 mL) 
(xi) LeCal-1 : Lead sulphate (25 g) + Calcium sulphate(25 g) + DW (85 mL) 
(xii) LeCa 2-1 : Lead sulphate(40 g) + Calcium sulphate(20 g) + DW( 100 mL) 
(xiii) SiTi40-l : Silica gel G (20 g) + Titanium oxide (0.5 g) + DW (50 mL) 
(xiv) CaP : Calcium phosphate (20 g) + DW (45 mL) 
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The homogenous slurry of the sorbent was prepared in distilled 
water and a 0.25 mm thick layer was applied to the glass plates with the help of 
the applicator. The plates were air dried at room temperature (25°C) and then 
activated by heating at 110 ± 5°C for 1 h in an electrically controlled oven 
followed by cooling at room temperature and stored in a closed chamber until 
used. 
b) Spotting of test solution: Test solution (2% ethanolic) of the following 
herbicides (5uL) was spotted separately on the plates at a distance of 3 cm 
from the lower edge of the plate with the help of a micropipette. The chemical 
structures of these herbicides are shown in Figure 6.1. 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 
p-CPHXA 
2,4-D 
GALA 
IAA 
NAPA1 
NAPA 2 
NAXA2 
PHXA 
2,4,5-T 
TCA 
p-Chlorophenoxyacetic acid 
2,4-Dichlorophenoxyacetic acid 
Gallic acid 
Indole-3-acetic acid 
a-Naphthaleneacetic acid 
(5-Naphthaleneacetic acid 
P-Naphthoxyacetic acid 
Phenoxyacetic acid 
2,4,5-Trichlorophenoxyacetic acid 
Trichloroacetic acid 
The spots were dried in the oven at 110°C for 2 min and then the 
plates were developed in the following mobile phases by keeping the solvent 
ascent as 10 cm from the point of sample application: 
(i) Chlbz Chlorobenzene 
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CI-/ YoCH, COOH 
(i) p-Chlorophenoxyacetic acid (p-CPHXA) 
(Herbicide) 
OCHCOOH 
(ii) 2,4-Dichlorophenoxyacetic acid (2,4-D) 
(Herbicide) 
(iii) Gallic acid (GALA) 
(Plant growth regulator) 
OH 
CH : -C-OH ( j v ) I n d o l e . 3 . a c e t i c a c i d ( I A A ) 
o (Plant growth regulator, an auxin) 
CHXOOH 
(v) a -Naphthaleneacetic acid (1 -NAPA) 
(Plant growth regulator) 
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CH,COOH (vi) P-Naphthaleneacetic acid (2 -NAPA) 
(Plant growth regulator) 
COOH (vi) P-Naphthoxyacetic acid (2 -NAXA) 
(Plant growth regulator) 
ft VOCH,COOH (viii) Phenoxyacetic acid (PHXA) (Plant growth regulator) 
a 
OCH,COOH 
a 
a 
(ix) 2.4,5- Trichlorophenoxyacetic acid (2,4.5-T) 
(Herbicide) 
o 
ii 
C1.C - C - OH 
(x) Trichloroacetic acid (TCA) 
(Herbicide) 
Figure 6.1: Chemical structure of herbicides and plant growth regulators 
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(ii) Nitbz : 
(iii) Butol 
(iv) Chlofm 
(v) Amol 
(vi) Acet 
(vii) Acetnt 
(viii) Bz 
(ix) Carbtt 
(x) Dixn 
(xi) Ethol 
(xii) Ethcoc 
(xiii) Hexn 
(xiv) Propol 
(xv) Pyrid 
(xvi) DW 
(xvii) Ethdet 
(xviii) Ethsoap 
(xix) Aqusil 
Nitrobenzene 
Butanol 
Chloroform 
Amyl alcohol 
Acetone 
Acetonitrile 
Benzene 
Carbontetrachloride 
Dioxane 
Ethanol 
Ethanolic coconut oil solution (1%) 
Hexane 
Propanol 
: Pyridine 
Distilled water 
Ethanolic detergent solution (1%) 
: Ethanolic soap solution (1%) 
Aqueous silver nitrate (1%) 
c) Identification method: After development, the plates were dried. The 
herbicides and the plant growth regulators on the plates were visualized by 
spraying the TLC plates with ethanolic alkaline solution of bromophenol 
blue (0.1%). 
d) Calculation of RF values : RF values for the compact spots are calculated by 
the following expression, 
RF = migration distance of the solute relative to the solvent front .. .(1) 
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For tailing spots the frontal limit (fy) and rear limit (RT) were 
measured and the RF values were calculated by using the following expression, 
RF = (R, + RT ) / 2 . . . (2) 
e) Correlation of RM values: In order to find out relations between the migration 
data of herbicides separated and DC phases examined multilinear regressions 
are executed with RM values of the herbicides on the used DC phases. RM 
values of herbicides were calculated by using the following equation, 
RM = l o g ( l / R F ) - l . . . ( 3 ) 
The RM values of the 10 herbicides on 23 DC phases for correlation 
by multilinear regression are listed in Tables 6.4 - 6.6. 
In first multivariate analysis the relationship between RM values of 
selected typical herbicides on different phases and other herbicides on the same 
phases was examined. Best results were achieved with p-CPHXA, PHXA and 
2,4,5-T as prototypical substances according to the following regression 
equation, 
RM =k + ai. RM (p-CPHXA) + V . RM (PHXA) + c1 . RM (2,4,5-T) . . . (4) 
Here R'M are RM values of herbicides / on («) different DC phases, 
a\ b\ c\ are regression factors of herbicide / related to the three prototypical 
substances. 
In the second multivariate analysis the relationship between RM 
values of the herbicides on selected typical DC phases and the concerning data 
10« 
of the same herbicides on other DC phases was examined. Best results were 
achieved with five typical phases and six test substances (p-CPHXA, 2,4-D, 
NAXA-2, PHXA, 2,4,5-T, TCA) with the following correlation equation, 
R PM = ap.RM (LeCa 2-1) + b p. RM (Pyrid) + c p . RM (Chlbz) + d p . RM 
(Chlofm) + ep. RM (Ethol) . . (5) 
Here RPM are RM values of six test substances on phase (p), a p, bp, 
c
p
, dp, ep regression constants characterising DC phase (p) related to the five 
typical phases. 
C. RESULT 
RF values of some carboxylic acid herbicides are given in Table 6.1 
using silica gel G4 as stationary phase and 19 different solvents listed in 
procedure are used as mobile phases. Tables 6.2 and 6.3 show the RF values of 
some carboxylic acid herbicides using 14 different coatings as stationary phase 
and propanol, acetone as mobile phases respectively. The precise RM values of 
these carboxylic acid herbicides are reported in Tables 6.4 - 6.6. Tables 6.7 
and 6.8 show the correlation results of RM values of 3 prototypical compounds 
with 7 other herbicides on 8-19 DC phases and 5 prototypical phases with 6 
herbicides and 14 other phases. 
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D. DISCUSSION 
The success of TLC in obtaining a desired separation on a given 
stationary phase lies to a great extent in the selection of a desired mobile phase 
i.e. the nature of the compounds to be separated (cleaned up) dictates the 
stationary phase to be used perhaps even more the selection of the mobile 
phase. 
Much of the information about the selection of an optimum mobile 
phase can be derived from the data reported by TLC investigators working by 
trial and error. An appreciable piece of theoretical work on the selection of 
mobile phase has been carried out while work on the selection of stationary 
phase has been reported8. 
Chromatographically9 determined physiochemical data must be 
some function of the chemical structure of the three entities involved in 
intermolecular interactions, i.e., the solute, the stationary phase and the mobile 
phase. Certainly, the conditions under which chromatography is carried out are 
decisive for the process, but these are assumed constant for the present. 
Though, it is practically impossible to derive a strict, thermodynamically well 
founded and unequivocally verifiable canonical equation relating retention to 
the three main chromatographic variables, i.e., the structure of the solute, the 
stationary phase and the mobile phase. 
Despite the lack of general formula relating retention to structure, 
attempts have been undertaken since the early 1950s to detect any existing 
regularities of behavior among selected subgroups of solutes chromatographed 
at fixed conditions. Of the three main variables mentioned, only solute 
structure was changed, whereas the stationary and mobile phases applied in a 
given chromatographic technique remained constant. 
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In this paper an attempt has been made to test the existence of some 
linear relationship between the structure and the choosen retention value 
according to the multilinear retention model. The DC-retention data were first 
converted to RM values according to the equation 3. RF values of 0 and 1 are 
inconvertible to RM values. RM values of some carboxylic acid herbicides are 
arranged in Tables 6.4 - 6.6. Multilinear regression results of Table 6.7 with 
regression constants and regression statistics of RM values of 7 herbicides with 
3 selected typical compounds shows a unsatisfying correlation. Standard 
deviation of the estimate and F-values point out that no significant multilinear 
relation exists. Results of Table 6.8 with phase specific regression constants of 
the second correlation experiment show a somewhat more significant statistics. 
Nine phases yield F-values greater than 100 with overall standard deviation of 
about 0.1 or less. From the data of Table 6.8 it can be deduced for instance that 
phase (Ethcoc) is similar to phase (LeCa 2-1) or that phase (SiCa 4-1) is 
similar to phase (SiCa 3-2). Comparison of the RM values of the test substances 
concerned confirms this result. Other substances however show different RM 
values on the comparable phases. 
It was concluded that both correlation are not sufficiently significant 
for reliable results, but it is the first time that correlation of DC retention data 
are executed according to multilinear retention model. Experimental data set of 
this study proves as small for the two correlation experiments. Since a 
significant multilinear relationship could not be found between solute and 
phase data, it must be concluded that each DC phase of this study behaves as 
an individual, nonlinear system. 
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SPOT TEST ANALYSIS OF PESTICIDES: DETECTION OF CARBARYL 
AND MANCOZEB IN WATER 
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Abstract. A new spot test is developed using sulphanilic acid-sodium nitrite-sodium hydroxide, 
8-hydroxyquinoline and alkaline hexacyanoferrate (III) as colouring reagents for the sensitive and 
selective detection of carbaryl at pg levels in environmental samples. 
A already know, spot test for dithiocarbamates, is extended for the selective detection of mancozeb 
at pg levels in its formulations and water. Copper (II) chloride-acetic acid is used as a colouring 
reagent. 
Key words: carbaryl, environmental samples, formulations, fungicide, insecticide, mancozeb, spot 
test, water 
1. Introduction 
In continuation to our previous work (Rathore el ai, 1984; Rathore et al., 1989) 
now spot tests for carbaryl and for mancozeb have been developed. Carbaryl is 
used for insecticidal control in agriculture, forestry, poultry and pets. It shows 
predominantly contact action and it is weak cholinesterase inhibitor. Mancozeb 
is used to control broad range of plant diseases. It is a protective leaf-fungicide. 
Therefore, it is important to develop simple and inexpensive methods for their 
on-field detection and determination. 
This paper summarizes the results of detection of carbaryl and mancozeb in 
dust, sediments, soils, grains and water. 
2. Experimental 
2 .1 . APPARATUS 
Aluminium heating block, electric oven (Tempo, India), pH meter and conductivity 
bridge (Elico, India) were used. 
2.2. CHEMICALS 
Carbaryl (5-10% dust) (Union Carbide, India), Mancozeb (75% WP) (Jaishree 
Agro Industries Pvt. Ltd., India), 8-hydroxyquinoline (BDH, England) were used. 
Water, Air, and Soil Pollution 97: 431-441, 1997. 
© 1997 Kluwer Academic Publishers. Printed in the Netherlands. 
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All other reagents and chemicals used were of analytical grade. Insecticides and 
fungicides used were of technical grade. 
2.3. PREPARATION OF SOLUTIONS 
Stock solutions of the following chemicals and reagents were prepared in the 
solvent given in the parenthesis: 1% 1-naphthol and 2-naphthol (ethanol), 0.2% 
sulphanilic acid (1:10 hydrochloric acid), 1% 8-hydroxyquinoline (concentrated 
sulphuric acid), 0.5% potassium hexacyanoferrate (III) (0.5% sodium hydroxide), 
1% copper chloride (1% acetic acid), 1% mancozeb (1M sodium hydroxide) and 
1 % carbaryl (ethanol). 
All other solutions were made by the procedure reported in the literature (Vogel, 
1978). 
2.4. COLLECTION OF SAMPLES 
Sediments samples were collected from Ganga bank at Narora, soil samples were 
collected from Aligarh district viz. university farm and a private farm of village 
Sathiya, block Sasni, samples of wheat, barley, gram and mustard were collected 
from the market, dust was collected from the roof of a double storied house situated 
in Aligarh city at Centre Point. The samples collection was made in April 1994. 
2.5. DETERMINATION OF PHYSICAL PROPERTIES 
Sediments sample (50 g) were dried at 100 °C and seived to obtain fraction of 
different mesh size. The dried sediments sample (5 g) was agitated with 50 ml of 
distilled water and then the pH and the conductivity of this slurry .was measured. 
The moisture contents of the sediments were measured by drying the sample (1 g) 
at 105-110 °C for l h (Table I). 
2.6. DETECTION OF CARBARYL 
The test solution (0.1 ml), carbaryl or naphthol was taken in a micro test tube and 
one of the following detectors was fixed in its mouth. The contents of the test tube 
were heated in an aluminium block at 285 °C for 5 min and the change in colour of 
the detector was noted. The detectors were made by filling/placing the following 
reagents in the glass droppers (14 x 0.5 cm with 2 x 0.2 cm nozzle). The change 
in colour of the reagent is given in the parenthesis: 
a. Sulphanilic acid: sodium nitrite: sodium hydroxide (1:1:1) (pink). 
b. 8-Hydroxyquinoline reagent (brown). 
c. Potassium hexacyanoferrate (III) reagent (violet). 
d. A cotton plug (1 cm long) impregnated with reagent (a) (pink). 
e. A filter paper strip impregnated with reagent (a) (pink). 
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Table I 
Physico-chemical properties of sediments and soils 
Sample No. Particle size pH % moisture Conductance 
(mm) O.C. Li. 
(mhos) (micromhos cm~') 
Sediments 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
sample 5 
Soil 1 
Soil 2 
1.0- 0.0625 
-do-
-do-
-do-
-do-
-
-
8.9 
8.9 
9.0 
8.8 
8.9 
6.9 
6.7 
1.083 
1.901 
3.878 
0.418 
0.477 
-
-
121 
126 
123 
123 
207 
171 
121 
6.05 
6.30 
6.15 
6.15 
10.35 
8.55 
6.05 
O.C. = Observed conductance. 
L.S. = Specific conductance. 
Table II 
Vapour phase spot test at different temperatures 
Temperature Reagents 
(°C) (A) (B) (Q 
50 
80 
100 
120 
150 
180 
200 
250 
280 
300 
I 
NC 
VLP 
P 
DP 
DP 
DP 
DP 
VDP 
VDP 
VDP 
II 
NC 
NC 
NC 
VLP 
VLP 
VLP 
P 
DP 
DP 
DP 
I 
Y 
Y 
Y 
Y 
Y 
B 
B 
DB 
DB 
DB 
II 
Y 
Y 
Y 
Y 
B 
B 
B 
DB 
DB 
DB 
I 
NC 
NC 
LVi 
Vi 
VI 
Vi 
Vi 
Vi 
Vi 
Vi 
II 
NC 
NC 
NC 
NC 
LVi 
Vi 
Vi 
Vi 
Vi 
Vi 
(A) = sulphanilic acid, (B) = 8-hydroxyquinoline, (C) = hexacyno-
ferrate (III), I = carbaryl (200 ,ig), II = l-naphthol (200 //.g), NC = 
no colour, y = yellow, V = very, L = light, P = pink, Vi = violet, D = 
dark, B = brown. 
f. Silica gel G or alumina acidic or alumina neutral or cellulose powder or calcium 
carbonate supported on cotton plug impregnated with reagent (a) (pink). 
The above tests were also performed under different conditions (Table II). The 
lower limit of detection was determined by taking a fixed volume of the standard 
solutions of different concentrations (1, 0.1, 0.01, 0.001, 0.0001%) of the test 
material (Tables III and IV). 
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Table III 
Detection of carbaryl under different conditions by (A) sulphanilic acid method 
Amount 
1000 
100 
10 
1 
(a) Carbaryl 
DP 
P 
LP 
LP 
Colour 
(b) Carbaryl+NaOH 
VDP 
DP 
P 
LP 
(c) Carbaryl+NaOH+H: S04 
DP turns O 
P turns O 
LP turns LO 
VLP turns LO 
Abbreviations are defined in Table II and Section 2.8. 
Table IV 
Detection of (I) carbaryl and (II) 1-naphthol at different 
concentrations by vapour phase spot test at 285 ° 
Amount 
0'g) 
1000 
100 
10 
1 
(A)a 
I 
DP 
P 
LP 
LP 
II 
DP 
DP 
DP 
DP 
.(B)*1 
I 
DB 
DB 
B 
LB 
II 
DB 
B 
B 
B 
(C)h 
I II 
Vi Vi 
Vi Vi 
Vi Vi 
Vi Vi 
a
 = heating time 2 min, b = heating time 4 min. 
2.7. DETECTION OF CARBARYL IN ENVIRONMENTAL SAMPLES 
A sample (5 g) of soil or sediments or dust or grains was taken in a 25 mL beaker, 
2.5 mL solution of 0.1% carbaryl and 1 mL of ethanol were added into it. After 
proper mixing the slurry was dried at room temperature (25 °C) for 24 h and then 
stored in a stoppered bottle. A small portion (0.2 g) of the treated sample was taken 
for detecting the presence of carbaryl. The lower limit of detection was determined 
by mixing 0.2 g of the treated sample with different amounts of the fresh or the 
untreated sample (Table V). 
2.8. DETECTION OF MANCOZEB 
The test solution (1 mL of 0.75%) was taken in a test tube and neutralized with 1M 
acetic acid, buffer solution of pH 6 (2 mL), the reagent (1% copper chloride-acetic 
acid) (1 mL) and chloroform (0.5 mL) were added to it. After thorough mixing 
colour of both aqueous and organic layers was observed at room temperature 
(25 °C) and recorded. 
The lower limit of detection of the test was determined by using the above 
mentioned procedure (Table VIII). 
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0*«) 
15 
75 
750 
15 
75 
750 
15 
75 
750 
15 
75 
750 
A,nyl alcohol 
-do-
-do-
Benzene 
-do— 
-do-
Carbontetrachloride 
-do-
-do-
Chloroform 
-do-
-do-
AqLa 
Bl 
Bl 
GrBl 
Bl 
Bl 
GrBl 
LBl 
LGrBl 
LGrBl 
LBl 
LGrBl 
LGrBl 
Colour 
OrgLa 
NC 
VLB 
BtYBppt 
NC 
VLB 
VBppt 
NC 
VLB 
BtYB 
VLB 
LB 
BtB 
The detection of mancozeb was also made by using buffer solutions of different 
pH values and different solvents as the extractants (Tables VI and VII) at room 
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Table VIII 
Detection of mancozeb at different 
concentrations 
Mancozeb 
(m) 
15 
75 
750 
7500 
Colour 
AqLa 
LB1 
LGrBl 
LGrBl 
VLGrBl 
OrgLa 
VLB 
LB 
BtB 
DBppt 
Abbreviations are defined in Table II 
and Section 2.8. 
temperature (25 °C). The mancozeb (75 /ig) was also detected at the room temper-
ature 25 °C and pH 6 in the presence of the following substances (1 mL of 1%). 
The colour of the original solution, aqueous layer and organic layer are given in 
parantheses (1), (2) and (3) respectively. 
2.8.1. Acids 
Barbituric acid (PY) (VL GrB 1) (LB), gallic acid (LB) (LB) (B with DB at junction), 
hippuric acid (NC) (LB1) (LB), isocitric acid (NC) (LB1) (LB), malic acid (NC) 
(LB1) (LB), phthalic acid (NC) (LB1T) (LB), succinic acid (NC) (LB1) (LB), 
sulphanilic acid (NC) (LB1) (LB) and tartaric acid (NC) (VLGrBl) (LB). 
2.8.2. Alcohols 
1-Butanol (NC) (Bl) (LB), 1-ethanol (NC) (Bl) (LB), methanol (NC) (Bl) (LB) 
and 1-propanol (NC) (Bl) (LB). 
2.8.3. Aldehydes 
Benzaldehyde (NC) (LBIT) (LY), 4-dimethylaminobenzaldehyde (VLB) (LB1) 
(LB), m-nitrobenzaldehyde (LY) (LGrBl) (LY) and vanillin (NC) (LGrBl) (VLB). 
2.8.4. Amides 
Dimethylformamide (NC) (LB1) (LB), salicylamide (NC) (GrBl) (LB), thiourea 
(NC) (LGrBIT) (VLB) and urea (NC) (LB1) (VLB). 
2.8.5. Amines 
Aniline (R) (GT) (LY with DB ppt), diethylamide (DR) (LB IT) (DR), indole (LY) 
(LB1) (LY), nicotine (DR) (YG with B ppt) (OB) and trimethylamine (NC) (LB1) 
(LB). 
2.8.6. Ether 
Diethylether (NC) (LB1) (VLB). 
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2.8.7. Heterocyclic base 
Pyrdine (LYC) (DB1) (LB). 
2.8.8. Hydrocarbons 
Benzene (NC) (Bl), (LB) carbontetrachloride (NC) (LGrBl) (LB), chlorobenzene 
(NC) (LB1) (LB), nitrobenzene (LY) (LB1) (LB), o-toluidine (NC) (LB1) (LB) 
and paraffin (NC) (LB1) (LB). 
2.8.9. Ketones 
Acetone (NC) (Bl) (LB) and acetophenone (NC) (Bl) (LB). 
2.8.10. Mineral acids 
Hydrochloric acid (NC) (VLB1) (VLB) and sulphuric acid (NC) (VLB1) (VLB). 
2.8.11. Pesticides 
2.8.11.1. Carbamates. Bavistin (suspension) (LGrBl) (LB) and carbaryl (suspen-
sion) (LGrBl) (LB). 
2.8.11.2. Carboxylic. Indole acetic acid (NC) (LGrBl) (BIG) and phenoxyacetic 
acid (NC) (LGrBl) (VLB). 
2.8.11.3. Chlorine containing. Trichloroacetic acid (LY) (VLB1T) (VLY). 
2.8.11.4. Phosphorous containing. Phamidon-85 (Ma) (DB1) (Ma). 
2.8.12. Phenols 
Catechol (DB) (LB) (B); 4-chlorophenol (NC) (LB1) (VLB), 1-naphthol (B) (LB1 
T) (LB), 2-naphthol (VLB) (LB1) (LB), o-nitrophenol (O) (LGrBl) (LO), orcinol 
(R) (VLO) (R), phenol (LOB) (LB1) (LOB), p-nitrophenol (BtY) (LG) (VLB) and 
recorcinol (DB) (VLGrBl) (LB). 
2.8.13. Soaps and detergents 
Lux (P) (Bl-WT) (LBIT), Rin (Bl) (BIT) (WT), Surf (Bl) (BIT) (WT) and Vim 
(suspension) (LBT) (NC). 
2.8.14. Soils 
Soil 1 (suspension) (LGrBl) (LB), soil 2 (suspension) (LGrBl) (LB) and soil 3 
(suspension) (LGrBl) (LB). 
The colour reaction under study gave positive responses with the following sub-
stances. The colour of the original solution, aqueous layer, organic layer and lower 
limit of detection are given in the parantheses (1), (2), (3) and (4) respectively. 
Gallic acid (LB) (LB) (B with DB ppt at the junction) (1 mg), benzaldehyde (NC) 
(LB1T) (VLY) (10 mg), 4-dimethylaminobenzaldehyde (VLB) (LB1) (VLB) (10 
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mg), m-nitrobenzaldehyde (LY) (LB 1) (VLY) (10 mg), thiourea (NC) (LGrB 1 with 
W ppt) (VLB) (10 mg), aniline (R) (LGT) (LY with B ppt) (100 /ig), diethylaniline 
(DR) (LB1T) (DR) (100 /ig), indole (LY) (LB1) (LY) (10 mg), nicotine (DR) (YG 
with B ppt) (OB) (100 fig), nitrobenzene (LY) (Bl) (LY) (10 mg), acetophenone 
(LY) (Bl) (VLYY) (10 mg), bavistin (suspension) (LgrBl) (LB) (10 mg), carbaryl 
(suspension) (LB1T) (VLB) (10 mg), indole-acetic acid (NC) (LGrBl) (LBtG) (10 
mg), trichloroacetic acid (NC) (VLB IT) (VLY) (10 mg), phamidon-85 (Ma) (DB1) 
(Ma) (100 fig), catechol (DB) (LB) (B) (1 mg), 1-naphthol (B) (LB IT) (LB) (10 
mg), 2-naphthol (VLB) (LB1) (10 mg), o-nitrophenol (O) (LGrBl) (LO) (10 mg), 
ordinol (R) (VLO) (R) (100 /ig), phenol (LOB) (LB1) (LOB) (10 mg), resorcinol 
(DB) (LB1) (LB) (10 mg), Lux (P) (Bl-WT) (VLB1T) (10 mg) and rin (Bl) (BIT) 
(WT)(10mg). 
The abbreviations used are defined below: AqLa = aqueous layer, Bl = blue, 
Bl-W = Bluish-white, Bt = bright, G = green, Gr = greenish, Ma = magenta, O = 
orange, OrgLa = organic layer, ppt = precipitate, R = red, T = turbid, W = white, Y 
= yellow. Other abbreviations used are defined in Table II. 
3. Results and Discussion 
3.1. SPOT TEST ANALYSIS OF CARBARYL 
The spot tests for the detection of carbaryl and its degradation products (1-naphthol 
and 2-naphthol) using chromogenic reagents such as (A) diazobenzene sulphanilic 
acid, (B) 8-hydroxyquinoline in concentrated sulphuric acid and (C) alkaline hexa-
cynoferrate (III) are already known (Feigl, 1966). These tests are ultrasensitive 
and their lower limit of detection (1 /ig) is comparable to liquid chromatography. 
Furthermore these tests were applied in the testing of materials, examination of 
purity, characterization of products etc. while the tests have not been used in the 
environmental samples which is the genuine problems of modern civilization. 
Therefore now an attempt has been made to use these test for the detection of 
pesticides residues. The test under study involves two steps: (i) separation of the 
test substances by evaporation and (ii) the reaction of vapours to produce change in 
colour of the detector i.e. separation and then detection of pesticide residues present 
in environmental sample. This modified procedure give the following results. 
Table II shows that the intensity of the colour produced increases with increase 
in temperature. The test is highly sensitive in the temperature range 250-308 °. 
Literature shows that the melting and boiling points of carbaryl, 1-naphthol and 2-
naphthol are 142° and decomposes, 96° and 280°, and 122° and 286° respectively. 
Hence it seems that carbaryl decomposes on heating to give naphthol and the latter 
evaporates at 286° to produce colour in the detector. The sequence of sensitivity 
of the detection using different chromogens is (A) > (B) > (C). Table III shows 
that the test gives better results under condition (a) then that under (b) so that 
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the direct heating of the test sample was selected for performing the test. The 
lower limit of detection of the test is 1 /ig which is comparable to the modern 
sophisticated instrumental methods such as GC, HPLC and HP-TLC. Reagent (A) 
produces colour rapidly (2 min) than reagents (B) and (C). The results recorded in 
Table V prove that the test can be successfully applied for the detection of carbaryl 
residues in dust, soils, sediments and grains. The lower limit of detection for soil 
1, sediments and grains is 72, 55-72 and 83-125 ppm respectively. The release 
of carbaryl or naphthol from samples which are rich in organic matter (soils and 
grains) is poor while it is greater from samples containing less organic matter 
(sediments). Thus the test is more sensitive for the detection of carbaryl residues 
in sediments than in grains. 
3.2. SPOT TEST ANALYSIS OF MANCOZEB 
A test of dithiocarbamide group present in the stable water-soluble and water-
insoluble salts of the unstable dithiocarbamic acid and its N-substituted derivatives 
is known (Feigl, 1966). The test based on the conversion of the dithiocarbamate •» 
group into cupric salt insoluble in organic solvents. A characteristic features of 
water-soluble dithiocarbamates and their N-substituted derivatives in the precipi-
tation as brown cupric salts, which dissolve in water immiscible organic liquids 
(extractant) to produce red-brown solutions. This property was utilized for the 
determination of copper as the diethylthiocarbamate complex and it was remarked 
(Vogel, 1978) that many of the heavy metals give slightly soluble products (some 
white, some coloured) with the reagent, most of which are soluble in the organic 
solvents (chloroform, carbontetrachloride or butyl acetate). The selectivity of the 
reagent might be improved by the use of masking agents, particularly EDTA. The 
reagent decomposes rapidly in solution of low pH. 
In the present study the colour reaction mentioned above is utilized for the 
detection of mancozeb, in polluted water. Mancozeb is very slightly soluble in water 
and insoluble in common organic solvents. Therefore the solution of mancozeb is 
prepared in sodium hydroxide in order to carry out the above colour reaction. 
Table VI shows that the reaction is highly sensitive at pH 6 as the complex is 
soluble in organic layer, less sensitive at pH 4-5 as the organic layer does not turn 
red-brown at low concentration and it is also less sensitive at pH 8.4-10 as the 
copper gives deep blue colour in aqueous layer which shadows light brown colour 
in organic layer. Table VII shows that the chloroform is the best extractant for this 
test as it gives the maximum colour intensity. The data recorded in section 2.8. 
show that the mancozeb can be detected by using this colour reaction in polluted 
water. For example the test gives good results in natural water containing soil 
extracts, soaps, detergents etc. It is also clear that the spot test under study can 
be used for the detection of aniline, diethylaniline, nicotine, phamidon-85 etc. As 
the above mentioned compounds gives distint colours than that of mancozeb these 
compounds do not interfere at /ig levels in the detection of mancozeb. 
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4. Conclusion 
The above mentioned spot tests can be used for the on-field detection of carbaryl 
and mancozeb. As the lower limit of detection for mancozeb (15 //g) is higher than 
that of carbaryl (1 /ug). Thus it cannot be applied as such for the detection at traces. 
However, it can be utilized for on-field detection of mancozeb in traces in water by 
coupling with a suitable preconcentration method such as column chromatography 
(Rathore etal., 1995), liquid-liquid extraction (Sherma, 1995) etc. 
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RM Values and Topological Indexes of cis and trans Fatty Acids 
Table 1 
RF and RM values and numerical values of topological index °B for selected fatty acid isomers of cis - trans configuration. 
No. 
1 
2 
3 
4 
Acid 
cis-9-Octadecenoic 
frans-9-Octadecenoic 
cis-11-Octadecenoic 
trans-l 1-Octadecenoic 
HPTLC 
A 
RF 
0.421 
0.393 
0.421 
0.400 
RM 
0.138 
0.189 
0.138 
0.176 
RF 
0.716 
0.677 
0.706 
0.653 
B 
10% 
RM 
-0.402 
-0.302 
-0.380 
-0.275 
% of paraffin oil 
C 
12,5% 
RF 
0.597 
0.575 
0.595 
0.578 
RM 
-0.171 
-0.131 
-0.167 
-0.137 
RF 
0.481 
0.460 
0.480 
0.457 
D 
15% J 
RM 
0.033 
0.070 
0.035 
0.075 
Topolo-
gical 
index 
°B 
1.8879 
1.8374 
1.8752 
1.8314 
work [12-14]. RP-18 HPTLC plates were also used 
(Table 1). 
In order to characterize the TLC behavior of the investigat-
ed acids, the topological index °B [9] was calculated. The 
results obtained are presented as the relationship between 
RM values and topological index °B in Figure 1 and as the 
relationship between RM value and the ratio RM/°B in Figure 
2. The ratio RUPB is the new chromatographic index (/CHR) 
proposed in this work. Considering the dependencies pre-
sented above, it should be noticed that irrespective of the 
amount of paraffin oil on the support acids of cis configura-
tion are in area 1 and acids of trans configuration in area II. 
This segregation of the isomers into different areas shows 
that the cis isomers have similar physicochemical properties 
which are different from those of the trans isomers. Eviden-
ce that proves the truth of this statement consists in basic 
differences of, among others, solubility, boiling point, and 
melting point of isomers differing in cis - trans configura-
tion. The dependence suggested above makes it possible to 
characterize the chromatographic behavior of the isomeric 
acids on the basis of their chemical constitution and gener-
al physicochemical properties. The physicochemical impor-
tance of the topological index °B should be stressed; it has 
already been used to predict of p/Ca values of phenol isomers 
[15] and aniline isomers [16], and to predict the dipole 
moments of selected isomers of disubstituted benzene 
derivatives [17]. 
Under the conditions used for chromatography, isomers of 
cis configuration had the same Rv values. The same applies 
to isomers of trans configuration. Separation was observed 
only between cis and trans isomers. Only the value of the 
topological index °B changes for all the isomers investigat-
ed. 
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Summary 
A new color reaction based on the formation of black lead sulfide 
by treatment of mancozeb with alkaline plumbite solution has been 
developed for the TLC detection of mancozeb. The lower limit of 
detection on a silica gel plate is 0.45 \x,g spot-1. Fungicides other 
than dithiocarbamates do not interfere with the test. The test can 
also be applied for the detection of mancozeb in soil extracts. 
1 Introduction 
Because the fungicides currently available commercially [1] 
differ widely in chemical structure and functional groups, 
their chemical classification is quite complex. Among the 
various types of fungicide the dithiocarbamate group is of 
special interest. One of these, mancozeb, is widely used on 
nuts, fruit trees, vegetables and other field crops as a pro-
tective agent against plant diseases. Although the acute tox-
icity of mancozeb to rats is low (the oral and dermal LDJfl 
values are 5000 and 10000 mg kg"1, respectively [2]) there is 
some concern about chronic exposure to these fungicides 
because they are suspected carcinogens [3]. 
Several methods for the determination of mancozeb have 
been reported in the literature [1,4-7]. Spot test analysis is 
simple and inexpensive and so is used for the preliminary 
characterization of the test material before quantification 
by costly and sophisticated analytical methods such as 
HPLC, GC, spectrophotometry, and GC-MS. As TLC is wi-
H.S. Rathore and S. Mital, Department of Applied Chemistry, Zakir Hussain 
College of Engineering and Technology, Aligarh Muslim University, Aligarh-
202 002, India. 
dely used in pesticide analysis, chromogenic spray reagents 
are essential for the location of pesticides on the plate. 
In continuation of our previous work [8] we have, therefore, 
developed a new test for the TLC detection of mancozeb. 
The test is based on the formation of a black precipitate of 
lead sulfide when mancozeb is treated with plumbite rea-
gent. The results obtained are described in this paper. 
2 Experimental 
2.1 Chemicals and Reagents 
Mancozeb (75%, WP) was obtained from Jaishree Agro In-
dustries (India), lead monoxide from Thomas Tyrer (Strat-
ford, London, UK) and sodium hydroxide from BDH 
Merck (India). The insecticides and fungicides used were of 
technical grade, other reagents and chemicals were of ana-
lytical grade. 
2.2 Preparation of Solutions 
Plumbite reagent was prepared by dissolving lead monoxide 
(1 g) in aqueous sodium hydroxide (32%). An homoge-
neous suspension of mancozeb (1 g) was prepared by agita-
tion with water or ethanol (100 mL) for 5 min. Mancozeb 
solution was prepared by treating the compound (1 g) with 
aqueous sodium hydroxide (1 N; 100 mL) solution and 
removing the precipitate by filtration. 
The solution or suspension was diluted to the required con-
centration (0.75-0.002%) by addition of distilled water. 
Solutions of all other chemicals (1%) were prepared in dis-
tilled water. 
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2.3 Chromatography 
TLC was performed on 20 X 4 cm2 glass plates coated with 
0.25-mm layers of silica gel cellulose, calcium sulfate, tita-
nium oxide, soil, etc. The adsorbents were applied to the 
plates as slurries in distilled water by means of a Stahl appa-
ratus with universal applicator. The plates were dried at 
room temperature and then activated at 110°C for 2 h 
before use (electric oven; Tempo, India). 
2.4 Procedures 
2.4.1 Detection of Mancozeb on the Plate 
Mancozeb suspension or solution (0.02 mL) was spotted on 
the plate by means of a capillary. The plate was then dried 
(hot air blower) to remove the solvent and a drop (0.02 mL) 
of plumbite reagent was then applied to the spot. The spot 
turned black-brown within 5 min at room temperature 
(25°C) or after 2 min at 100°C. 
2.4.2 Detection of Mancozeb in Solution 
A drop (0.02 mL) of plumbite reagent was added to manco-
zeb suspension or solution in a micro test tube and mixed 
thoroughly. At room temperature (25°C) a yellow color de-
veloped which slowly changed to black. If the mixture was 
boiled the black color appeared quickly. 
2.4.3 Lower Limit of Detection 
The lower limit of detection was determined by taking 
known volumes of suspension or solution of mancozeb stan-
dard and treating with plumbite reagent by the procedures 
mentioned above. 
2.4.4 Effect of Foreign Substances 
A drop (0.02 mL) of a 1% solution of the foreign substance 
was added to mancozeb suspension (1.4 pg) in a micro test 
tube and the mixture was treated with plumbite reagent. 
The color developed and the sensitivity obtained were re-
corded. 
2.4.5 Detection of Mancozeb on Seeds 
Wheat grains (10 g) were placed in each of four petri dish-
es, the recommended amount of mancozeb dust (150-400 
gkg1) was added and the mixture was mixed thoroughly at 
room temperature (25°C). After 1, 8, 16, and 24 days the 
seeds in one of the dishes were washed with distilled water 
(30 mL) and mancozeb detected in the washings (0.02 mL) 
by the procedure described in Section 2.4.1. 
2.4.6 Measurement of RF Values 
The suspension or solution of mancozeb was spotted on the 
TLC plate, and the plate was dried and then developed with 
ethanol in 25 cm X 5 cm glass jars. The plate was dried, 
sprayed with plumbite reagent and then heated at 100°C to 
develop the color. The Rr was zero. 
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3 Results 
The lower limit of detection of the spot test under study is 
given in Table 1. The effect of TLC stationary phase on the 
lower limit of detection of mancozeb is shown in Table 2. 
The lower limit of detection of the spot test under study and 
those reported in the literature are compared in Table 3. 
Table 1 
Lower limit of detection on plumbite spot test. 
No. Amount of Temp. Color 
mancozeb [°C] I II III 
[ng] 
136.00 
13.60 
2.80 
1.40 
0.45 
0.10 
25 
100 
25 
100 
25 
100 
25 
100 
25 
100 
25 
100 
TLC 
B 
D 
Y 
B 
NC 
LBr 
NC 
NC 
NC 
NC 
NC 
NC 
: TT 
DYppt 
Bppt 
LY 
Bppt 
NC 
Bppt 
NC 
NC 
NC 
NC 
NC 
NC 
TLC 
B 
D 
Y 
B 
LY 
Br 
LY 
Br 
NC 
LBr 
NC 
NC 
TT 
DYppI 
Bppt 
LY 
Bppt 
NC 
Bppt 
NC 
NC 
NC 
NC 
NC 
NC 
TLCTT 
i B DY ppt 
D Bppt 
Y LY 
B Bppt 
NC NC 
LBr NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
I, alcoholic suspension; II, aqueous suspension; III, solution in aqueous sodi-
um hydroxide; TLC, silica gel TLC; TT, test tube; D, dark; L. light; ppt, pre-
cipitate: B, black; Br, brown; Y, yellow; NC, no color. 
Table 2 
Effect of stationary phase on the spot test. 
No. Amount of Layer 
1 
1 
£. 
3 
4 
5 
6 
7 
mancozeb 
tug] 
136 
27.2 
13.6 
8.2 
0.8 
0.45 
0.1 
Silica 
gel 
B 
B 
B 
Br 
Br 
LBr 
NC 
Calcium 
sulfate 
B 
BtBr 
Br 
NC 
NC 
NC 
NC 
Cellulose 
B 
Br 
Br 
NC 
NC 
NC 
NC 
Titanium 
oxide 
B 
LBr 
NC 
NC 
NC 
NC 
NC 
Soil 
B 
NC 
NC 
NC 
NC 
NC 
NC 
Bt, bright; other abbreviations are as defined in Table l. 
Table 3 
Detection of mancozeb by means of different chromogenic reagents. 
No. Reagent Lower limit of Ref. 
detection 
In solution On plate 
[fig drop"1] [ixgspot"'] 
1 Sodium azide-iodine 0.14 - 9 
2 Plumbite 3.00 0.40 This work 
3 Copper sulfate-ammonia 
piperidine/dimethylamine 
hydrochloride 3.00 - 9 
4 Copper chloride-acetic 15.00 - 8 
acid 
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The experiments with the seed showed that no decomposi-
tion of mancozeb occurred within a month at 25°C. 
4 Discussion 
Dithiocarbamates have been determined in three different 
ways: 
(i) formation of a red-brown complex with copper in acetate 
medium (pH 6); 
(ii) hydrolysis of the dithiocarbamate with hydrochloric acid 
in the presence of stannous chloride and determination of 
the CS2 thus produced by: 
(a) GC with flame photometric detection [4]; 
(b) spectrophotometric determination at A = 435 nm of the 
yellow copper chelate (copper salt of AyV-bis-(2-hydrox-
yethyl)-dithiocarbamic acid) formed by reaction of CS2 with 
copper salt and diethanolamine in ethanolic solution [5]; 
(c) spectrophotometric titration of CS2 against nickel(II) 
acetate in methanol in the presence of ^-propylamine in 
acetonitrile [6]; 
(iii) determination of the metallic component of the dithio-
carbamate by adjusting to pH 9.5 ± 0.2 in carbonate - bicar-
bonate buffer, extraction with 2.8-5.6 X lfr3 M N-hydroxy-
JVyV-diphenylbenzamidine solution in chloroform, treat-
ment of the chloroform layer with 0.1% 4-(2-pyridylazo)-
naphthol, and spectrophotometric determination of the 
reddish product at 550 nm [7]. 
None of these procedures can, unfortunately, be used for 
the location of dithiocarbamates on TLC plates. As TLC is 
widely used for the clean-up and determination of pesti-
cides in environmental samples there is a need for sensitive 
and specific color reactions that can be used for TLC detec-
tion of dithiocarbamate pesticides; such a color reaction has 
been developed and for detection of mancozeb. The test is 
based on the formation of black lead sulfide by treatment of 
mancozeb with plumbite in alkaline solution. A similar spot 
test has been described for the detection of carbon disulfide 
with formaldehyde and plumbite solution [8]. 
The results recorded in Table 1 show that the test is highly 
sensitive and selective. The smallest amounts of mancozeb 
that can be detected on a TLC plate and in solution (limits 
of detection) are 0.4 u,g spot"1 and 2.8 |xg (0.02 mL drop)"1, 
respectively, i.e. the sensitivity of the test is seven times 
greater on the TLC plate than in solution. The sensitivity is 
three times greater at 100°C than at 25°C. It is also clear 
that sensitivity was six times greater when an aqueous sus-
pension was used than when an ethanolic suspension or an 
alkaline solution was used (the sensitivity for the last two 
being similar). This might be because of the rapid break-
down of mancozeb in aqueous media and because in alka-
line solution traces of mancozeb might be adsorbed by the 
precipitate of the metal hydroxide. The results in Table 2 
show that plumbite is an excellent reagent for locating man-
1 2 6 VOL. 10, MARCH/APRIL 1997 
cozeb on silica gel G plates. It can also be used to locate 
mancozeb on plates coated with calcium sulfate, cellulose, 
titanium oxide, and soil, although the sensitivity decreases 
in the order silica gel G > calcium sulfate > cellulose > 
titanium oxide > soil. Table 3 shows that CS2 can be detect-
ed by sodium azide - iodine and plumbite reagent. The sodi-
um azide - iodine spot test is 20 times more sensitive than 
the plumbite test but cannot be used for TLC detection. 
Similarly the copper sulfate - ammonia - piperidine - dime-
thylamine hydrochloride and the copper chloride - acetic 
acid spot tests are not suitable for TLC. Thus the plumbite 
test alone can be used for detection of mancozeb in TLC. 
The test can be successfully used for the detection of man-
cozeb in the presence of other compounds. Mineral acids 
(hydrochloric, sulfuric, nitric), organic acids (barbituric, 
hippuric, isocitric, malic, phthalic, succinic, sulfamic, sul-
fanilic, tartaric, thiobarbituric, trichloroacetic), alcohols 
(methanol, ethanol, 1-propanol, 1-butanol), aldehydes 
(benzaldehyde, 4-dimethylaminobenzaldehyde, m- nitro-
benzaldehyde, vanillin), ketones (acetone, acetophenone), 
amines (aniline, diethylaniline, trimethylamine), amides 
(dimethylformamide, salicylamide, urea, thiourea), diethyl 
ether, hydrocarbons (benzene, chlorobenzene, nitrobenze-
ne, o-toluidine, paraffin), phenols (4-chlorophenol, 8-hyd-
roxyquinoline, 1-naphthol, 2-naphthol, orcinol, phenol, 
resorcinol), other pesticides (indole- 3-acetic acid, phenoxy-
acetic acid, chlorpyrifos 20% EC, phamidon-85, malathion 
50% EC), soaps and detergents (Lux, Rin, Surf, Vim), soils 
(five different types), sulfates (sodium thiosulfate, potassi-
um sulfate, potassium hydrogen sulfate), gave no color 
other than their natural color (nitrobenzene, yellow; anili-
ne, very light brown; diethylaniline, orange; 8-hydroxyqui-
noline, light yellow; resorcinol, light brown; orcinol, pink) in 
the absence of mancozeb; in the presence of mancozeb they 
had no effect on the color of its spot. 
Catechol (naturally brown) gave a light brown spot (detec-
tion limit 18.2 u,g) in the absence of mancozeb and increas-
ed the intensity of the mancozeb spot in the presence of the 
compound, o- and p- Nitrophenol, natural color yellow, 
reduced the intensify of the mancozeb spot. The carbamate 
pesticides bavistin and carbaryl (color pale brown) gave 
light pink spots in in the absence of mancozeb but when 
mancozeb was present had no effect on the color of its spot. 
Ferrous and sodium sulfides and sulfur powder gave black 
spots in the absence of mancozeb and thus darkened the 
spot of mancozeb when it was present. 
The test can also be used in the presence of several inor-
ganic salts and gave good results when used to detect man-
cozeb in extracts of soil and water. 
5 Reaction Mechanism 
It seems that mancozeb reacts with heavy metals to give col-
ored insoluble salts which readily decompose with the for-
mation of sulfide. In this case a yellow salt of mancozeb 
Journal of Planar Chromatography 
TLC Detection of Mancozeb 
6 Conclusion 
CH3—NH—C—S . 
^ P B + 3 N a , P b O , + rTO 
C H , — N H — C — S ^ 
II 
S 
YELLOW SALT 
CH2—NH2 
| +2CO,+6NaOH+4PbS 
CH2—NH2 BLACK PRECIPITATE 
Figure 1 
Tentative reaction scheme. 
forms first and this readily decomposes to give black lead 
sulfide (Figure 1). The conversion of the yellow salt to lead 
sulfide is accelerated by temperature. It is also known that 
appreciable amounts of carbon disulfide can be rapidly con-
verted to lead sulfide by treatment with concentrated caus-
tic alkali and plumbite solution. It is also reported that the 
formation of dithiocarbamate and hence of PbS can be 
accelerated by formaldehyde; the reason for this is not 
understood. Acetaldehyde, benzaldehyde, arabinose, glu-
cose, and lactose show the same effect. This reaction affords 
a means of detecting small amounts of carbon disulfide [9]. 
In this case, lead ethylene bis-dithiocarbamate decomposes 
to give PbS without the need for any of the accelerators 
mentioned above, and the reaction is very sensitive. 
Decomposition is, however, as fast at 100°C as at 25°C. 
Plumbite can be used successfully for locating traces of 
mancozeb on TLC plates and for detection of mancozeb in 
seed washings. 
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Summary 
HPTLC has been used to determine the lipid composition of 
Lymnaea elodes, a representative lymnaeid snail that serves as a 
vector of the trematode parasite Echinostoma revolution in the USA. 
The major neutral lipids in the snail bodies, and their mean per-
centage wet weights, were triacylglycerols (1.07%), free sterols 
(0.496%), and free fatty acids (0.180%). The major phospholipids 
were phosphatidylcholine (0.451%) and phosphatidylethanolamine 
(0.335%). The findings on L. elodes were in close accord with previ-
ous studies in our laboratory of the lipid composition of represen-
tative planorbid snails of the genera Biomphalaria and Helisoma. 
1 Introduction 
Fresh-water pulmonate snails in the families Planorbidae 
and Lymnaeidae serve as vectors of trematode parasites. 
Because the former family is more important medically, 
there is, as expected, more literature on the planorbids than 
on the lymnaeids. 
Lymnaeid snails have shells that are dextral and ovally 
oblong in contrast to the discoidal-shaped shells of planor-
bids. From a medical standpoint, snails in the genera 
Biomphalaria and Helisoma are the planorbids of greatest 
significance as vectors of trematode parasites. Likewise, the 
genus Lymnaea has representative species of lymnaeids that 
also serve as vectors of trematodes. 
Sorensen et al. [1] recently described Lymnaea elodes 
(Gastropoda) as a vector of the economically important 
trematode Echinostoma revolutum in the USA. This lym-
B.A. Frazer, A. Reddy, and B. Fried, Department of Biology, and J. Sherma, 
Department of Chemistry, Lafayette College, Easton, PA 18042, USA. 
naeid species, originally collected from wetlands in 
Northern Indiana, USA [1], is easy to maintain in the labo-
ratory and attains a length of up to 2 cm within several 
months. Because of its ease of maintenance and its relative-
ly large size, it is a good model for laboratory work. That it 
is a vector of the medically and veterinary important trema-
tode E. revolutum makes it a valuable snail for study. 
We maintain this snail in our laboratory and have initiated 
studies on its biology and biochemistry to complement our 
previous work on planorbid snails in the genera Helisoma 
and Biomphalaria [2]. In this study we report our observa-
tions of the lipid content of L. elodes as a basis for future 
work on the effects of diet and parasitism on the lipid con-
tent of this snail. 
2 Experimental 
2.1 Maintenance of Snails and Sample Preparation 
Stock cultures of L. elodes were maintained at 22°C in aer-
ated cultures containing artificial spring water (ASW) [: 
with approximately 50-100 snails per 5 L of ASW. Sna . 
were maintained under diffuse overhead fluorescent light 
for 12 h day"1 and were fed boiled leaf lettuce ad libitum. 
To obtain snail body samples, L. elodes, 8-12 mm shell 
length, were gently crushed with forceps, the shells were 
removed, and the bodies were blotted dry. Five samples 
containing two bodies each, weights between 145 to 255 mg 
per sample, were extracted with chloroform - methanol (2:1; 
3 mL) in a glass homogenizer. The extract was filtered 
through glass wool and the aqueous fraction removed with 
Folch wash (0.88% aqueous KC1; 1.0 mL). The lipid extract 
was evaporated under nitrogen and reconstituted in 400 \xL 
chloroform - methanol (2:1). 
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EDTA volumetric Method has been successfully used for the standardization of mancozeb formulation using ammonia buffer 
(pH 10) and Eriochrome black T as internal indicator. 
Mancozeb is a protective leaf-fungicide1. In order to fulfil 
the primary purpose of fungicidal effect and to minimize 
any adverse effect, it is essential to develop proper testing 
procedures for mancozeb. 
The analytical methods used so far are based on the es-
timation of carbon disulphide2, by using spectrophoto-
metry3-4 and gas chromatography5-6. These methods are very 
sensitive and accurate but are laborious, time-consuming 
and non-selective. The present communication deals with 
the volumetric determination of mancozeb to a visual end-
point with ethylenediamine tetraacetic acid (EDTA) using 
Eriochrome black T at pH 10. 
Results and Discussion 
Preliminary experiments on the dissolution of mancozeb 
indicates that on treating dust formulations (1 g) of mancozeb 
with 100 ml of 1 M sodium hydroxide a turbid solution 
containing brown precipitate is formed. The dust (122-Sg) is 
soluble in ammonia buffer (10 ml) of pH 10. The mancozeb 
solution is also prepared by treating aqueous suspension of 
the mancozeb dust with cation exchanger resins in 
ammonium form. 
Literature survey shows that mancozeb is insoluble in 
most of the organic solvents and very slightly soluble in 
water1. Standard solution of mancozeb can be prepared in 
0.1 M aqueous EDTA5. Mancozeb has also been found 
soluble7 in aqueous alkaline 0.2 M EDTA containing i-
cystine. Alkali metal and ammonium salts of alkali 
dithiocarbamic acids are water-soluble8. The versenate 
complexometric titrations9 are simple, inexpensive and quick 
for estimating metal ions. However, EDTA titrations have 
not been tried to determine metal ion in pesticides. There-
fore, this procedure has been utilized for the determination 
of zinc and manganese in mancozeb. 
The quantitative data of mancozeb, zineb and maneb 
obtained by versenate titrations are recorded in Tables 1-4. 
The mancozeb concentration can be obtained eidier by using 
the calibration curve (plot of volume of versenate consumed 
versus mancozeb concentration) or by using the following 
expressions : 
275.74 
x /4> of zineb = — xx jjg of Zn 
65.38' 
26529 
y y% of maneb = — x y fxg of Mn 
54.94 
Mancozeb = 10% zineb + 70% maneb 
Formulation = 75% mancozeb + 25% additives. 
The data obtained by both the above procedures are in 
good agreement. The results (Tables 2-4) show that the 
present method can be successfully applied for the standar-
Amount taken 
Zn(/«) Mn(/«) 
32.685 228.544 
65.370 457.081 
98.055 685.632 
130.740 914.176 
163.425 114172 
EDTA 
consumed 
ml 
0.6 
1.1 
1.5 
2.0 
2.4 
Table 1. Comparison 
Amount of 
' mancozeb 
found 
mg 
130 
2.35 
3.20 
4.30 
5.15 
of analytical data 
Calculated amount (>g) of 
Zineb Maneb 
137 849 1103.576 
275.698 
413.547 
551.396 
689.245 
2207.151 
3310.727 
4414.302 
5517.877 
' Calculated 
amount of 
mancozeb 
mg 
1.241 
2.483 
3.724 
4966 
6.207 
V. Difference 
-•54 
+566 
+16.37 
+ 15.49 
+20.05 
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Table 2. EDTA titrations with 
Amount 
taken 
mg 
3.75 
750 
11.25 
15.0 
18.75 
Formul. I 
Amount 
found, mg/ 
(Error*/.) 
4.80 
(+28.00) 
7.60 
(+130) 
11.60 
(+3.10) 
16.20 
(+8.00) 
19.90 
(+6.10) 
different formulations by 
Formul. II 
Amount 
found, mg/ 
(Error%) 
4.10 
(+9.30) 
7.20 
(-J.00) 
11.20 
(-0.44) 
14.40 
(-4.00) 
18.20 
(-2.93) 
direct method 
Formul. HI 
Amount 
found, mg/ 
(Error%) 
4 60 
(+22.70) 
720 
(-4.00) 
11.40 
(+1.30) 
14.40 
MOO) 
1820 
(-2.93) 
Table 4. EDTA titrations with different formulations by replacement 
method without ascorbic acid 
Amount 
taken 
mg 
3.75 
7.50 
11.25 
15.00 
18 75 
Formul. I 
Amount 
found, mg/ 
(Error0/.) 
3.50 
(-6.70) 
7.40 
(-130) 
10.00 
(-11.10) 
15.40 
(+2.70) 
19.60 
(+4.50) 
Formul. II 
Amount 
found, mg/ 
\Error%) 
4.30 
(-14.70) 
7.60 
(+1.30) 
11.00 
(-2 20) 
14.40 
(-4.00) 
18.60 
(-080) 
Formul. in 
.Amount 
found, mg/ 
(Error*/.) 
4.30 
(+14.70) 
7.00 
(-6.70) 
11.00 
(-2.20) 
13.70 
(-8.70) 
18.40 
(-1.87) 
dization of mancozeb formulations. The initial cost as well 
as the operation cost of this method is lower than that of 
spectrophotometry3-5 and gas chromatography6. 
Table 3. EDTA titrations with different formulations by replacement 
Amount 
taken 
mg 
3.75 
7.50 
11.25 
15 00 
18.75 
Formul. I 
Amount 
found, rag/ 
(Error*/.) 
4.10 
(+9.30) 
6.40 
(-14.70) 
9.70 
(-13.80) 
14.00 
(-6.70) 
17.80 
(-510) 
method 
Formul. D 
Amount 
found, mg/ 
(Error*/.) 
3.60 
(-4.00) 
6.80 
(-930) 
11.60 
(+3.10) 
14.60 
(-2.70) 
18.90 
(+0.80) 
FormuL III 
Amount 
found, mg/ 
(Error*/.) ' 
360 
(-4.00) 
7.00 
(-6.70) 
10.60 
(-5.80) 
14.60 
(-2.70) 
19.40 
(+3.47) 
Experimental 
All chemicals used were of AnalaR grade. Solutions of 
zinc metal (0.1 A/) in HC1, manganese sulphate (0.065 h/f) 
in distilled water, Eriochrome black T in trietrJanolamiri-
ethanol and ammonia buffer of pH 10 were prepared by re-
ported procedures4,9. Mancozeb suspension (1 g/100 ml) 
was prepared in distilled water. 
EDTA titrations: For standardization of EDTA, standard 
zinc solution (2 ml of 0.1 M) was taken, ammonia buffer 
(10 ml) and indicator (1 ml) were added to it and total volume 
was made upto 100 ml with distilled water. The wine-red 
solution so obtained was titrated with EDTA solution till 
blue colour appeared. The standard EDTA solution was used 
to titrate zinc and manganese in mancozeb formulation with 
and without ascorbic acid by direct and replacement 
titrations9. 
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Rf values of 10 carboxylic acid herbicides on different stationary phase in 19 different mobile phases are studied. A 
relationship between stationary phase, mobile phase and herbicides structure and /?M values of the solutes is tried. The best 
results are found with 3 prototypical herbicides for 7 other herbicides on 8 to 19 phases and with 5 prototypical phases for 6 
herbicides with 14 other phases. Both correlation results are not very good. 
Previous research work'"5 shows that calcium sul-
phate and silica gel G both cannot be utilized as sta-
tionary phase in TLC for the separation of carboxylic 
acid herbicides. A new admixture6 named as silica gel 
G4 (Silica gel G:Calcium sulphate ::1:4 wlw) has a 
very high analytical potential for the separation of 
above mentioned compounds. Therefore, separation 
potential of silica gel G4 was examined in several 
mobile phases. 
Now an attempt is made for the first time to fit DC 
data to the multilinear retention model with a limited 
set of compounds at different DC phases. The results 
are described in this paper. 
Experimental Procedure 
Apparatus 
A Stahl apparatus with a universal applicator 
(thickness of the applied layers adjustable from 0.25-
2.0 mm) (made in India), glass plates (20 x 4 cm), 
glass jars (25 x 5 cm) and temperature controlled 
electric oven (Tempo, India) were used. 
Chemicals and reagents 
Calcium sulphate dihydrate and silica gel G 
(Merck, India), soap and detergent (Hindustan Lever 
Ltd., India), bromophenol blue, herbicides and plant 
growth regulators (Sigma, USA) were used. 
Preparation of solution 
Solution of herbicides and plant growth regulators 
(2%) were prepared in ethanol. Soap, detergent (2 g), 
coconut oil (2 mL) were separately shaken with 100 
mL of hot ethanol and filtered. The clear filterate ob-
tained was used for the chromatographic studies. 
Chromatography 
Preparation of plates—The following coatings of 
silica gel G, calcium sulphate, lead sulphate and their 
admixtures were used as stationary phase: 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 
(xi) 
(xii) 
(xiii) 
(xiv) 
The 
SiG 
SiCa4-l 
SiCa 3-2 
SiCa 1-1 
SiCa 2.-3 
SiCa 3-7 
SiCa 1-4 
(SiG4) 
SiCa 1-9 
CaS 
LeS 
LeCa 1-1 
LcCa2-l 
SiTi 40-1 
CaP 
: Silica gel G (40 g) + DW (70 mL) 
: Silica gel G (40 g) + Calcium sulphate 
(10g) + DW(115mL) 
: Silica gel G (30 g) + Calcium sulphate 
(20 g) + DW (115 mL) 
: Silica gel G (25 g) + Calcium sulphate 
(25g) + DW(115mL) 
: Silica gel G (20 g) + Calcium sulphate 
(30g) + DW(115mL) 
: Silica gel G (15 g) + Calcium sulphate 
(35g) + DW(115mL) 
: Silica gel G (10 g) + Calcium sulphate 
(40g) + DW(115mL) 
: Silica gel G ( 5 g) + Calcium sulphate 
(45g) + DW(l l5mL) 
: Calcium sulphate (20 g) + DW (45 mL) 
: Lead sulphate (40 g) + DW (35 mL) 
: Lead sulphate (25 g) + Calcium sulphate 
(25 g) + DW (85 mL) 
: Lead sulphatc(40 g) + Calcium sulphate 
(20g) + DW(I00mL) 
: Silica gel G (20 g) + Titanium oxide 
(0.5 g) + DW (50 mL) 
: Calcium phosphate (20 g) + DW (45 mL) 
slurry of the sorbents was prepared with dis-
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and then in a temperature controlled electric oven at 
110°Cfor 1 h. 
Spotting of test solution—Test solution (2% etha-
3lic) of the following herbicides was spotted on the 
tate with a fine capillary. 
p-Clilorophenoxyacetic acid 
2,4-DichIorophenoxyacetic acid 
Gallic acid 
Indole-J-acetic acid 
a-Naphthalencphenoxyacctic acid 
/J-Naphthalencphenoxyacetic acid 
/J-Naphthoxyacetic acid 
Phenoxyacetic acid 
2,4,5-Trichlorophcnoxyacclic acid 
Trichloroacetic acid 
The spots were dried in the oven at 110°C for 2 
T\in and then the plates were developed in the fol-
owing mobile phases: 
1) 
• i> 
(iii) 
Lv) 
•) 
r/i) 
'(vii) 
(viii* 
fix) 
•0 
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Wi^rh iP i r J*** ' • ••- '"• 
1 1C1 UIVU 
p-CPHXA 
2, 4- DA 
GALA 
IAA 
NAPA J 
NAPA 2 
NAXA2 
PHXA 
> 
2,4,5-TA 
TCA 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) (ix) 
(x) 
(xi) 
CxiiJ 
(xiii) 
(xiv) 
(XV) 
(xvi) 
(xvjj) 
(xviii) 
(xix) 
Chlbz 
Nitbz 
Butol 
Chlofm 
Amol 
Acct 
Acctnt 
Bz 
Carbtot 
Dixn 
Ethol 
Elhcoc 
Hcxn 
Propol 
Pyrid 
DW 
Ethdet 
Ethsoap 
Aqusilv 
Table 2.2—/?M values of some carboxylic acid herbicides using propanol 
SiCa 4-1 SiCa3-2 
0.689 0.753 
0.845 0.753 
0.886 0.241 
0.317 0.317 
-0.602 
0.368 
0.886 0.788 
0.673 0.673 
0.845 0.532 
1.091 0.979 
'. Chlorobenzene 
: Nitrobenzene 
: Butanol 
: Chloroform 
: Amyl alcohol 
.' Acetone 
: Acetonitrilc 
: Renzcne 
: Carbontelrachloride 
: Dioxane 
". Ethanol 
: E(hano(ic coconut oil solution 
: Hcxane 
: Propanol 
: Pyridine 
: Distilled water 
: Eihanolic detergent solution 
: Ethanolic soap solution 
: Aqueous silver nitrate (1 %) 
Station; 
SiCa 1-
0.537 
0.704 
0 
0.222 
— 
0.131 
0.537 
0.443 
0.443 
0.845 
j 
;iry Phase (tfM) Values 
1 
Table 2.3-
Hcrbicide; 
/>-CPHXA 
2, 4-DA 
GALA 
IAA 
NAPA 1 
NAPA 2 
NAXA2 
PHXA 
2,4,5-TA 
TCA 
SiCa 2-3 • 
0,421 
0.644 
_ 
_ 
-
-
0.501 
0.421 
0.602 
0.630 
—/?M values of 
as mobile phase 
SiCa 3-7 
0.421 
0.525 
_ 
_ 
_ 
_ 
0.288 
0.222 
0.421 
0.537 
SiCa 1-4 
0.327 
0.399 
_ 
_ 
— 
_ 
0.222 
0 
0.347 
0.278 
some carboxylic acid herbicides using 
acetone as mobile phase 
> ——— 
RM = l o g ( l / t f F ) ~ l 
Stationary Phase 
LeCa 1-1 
0.368 
0.421 
0 
-
-
0.241 
0.194 
0.389 
0.788 
(/?M Values) 
LeCa2-l 
0.630 
0.908 
0 
0.105 
0.176 
0.477 
0.753 
0.575 
0.562 
0.788 
... (3) 
Identification method—The herbicides and the 
plant growth regulators on plates were visualized by 
spraying with ethanolic alkaline solution of bromo-
phenol blue (0.1%). 
Calculation of Rf values—R\. values for the com-
pact spots are calculated by the following expression, 
Re = migration distance of the solute relative to the 
solvent front ... (1) 
For tailing spots the frontal limit (Rt) and rear limit 
(RT) were measured and the Rp values were calculated 
by using the following expression, 
RF = (Ri + RT) / 2 (2) 
Correlation of R^ values—In order to find out re-
lations between the migration data of herbicides sepa-
rated and DC phases examined multilinear regres-
sions are executed with RM values of the herbicides 
on the used DC phases. RM values of herbicides were 
calculated by using the following equation, 
/?M values of the 10 herbicides on 23 DC phases for 
correlation by multilinear regression are listed in Ta-
ble 2.1, 2.2 and 2.3 
In first multivariate analysis the relationship be-
tween RM values of selected typical herbicides on dif-
ferent phases and other herbicides on the same phases 
was examined. Best results were achieved with p-
CPHXA, PHXA and 2,4,5-TA- as prototypical sub-
stances according to the following regression equa-
tion, 
R[M = k + a1. RM (p-CPHXA) + V . RM (PHXA) 
+ c'./?M (2,4,5-TA) ... (4) 
Here R'M are /?M values of herbicides i on (n) differ-
ent DC phases, a, b\ c\ are regression factors of her-
bicide / related to the three prototypical substances. 
Regression results for 7 herbicides on 8 to 19 differ-
ent phases are complied in Table 3. 
In the second multivariate analysis the relationship 
between RM values of the herbicides on selected typi-
cal DC phases and the concerning data of the same 
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Table 3—Correlation results of /?M-valucs of 3 
Herbicides 
2,4-D 
GALA 
IAA 
NAPA1 
NAPA 2 
NAXA2 
TCA 
Const. 
0.23 
-0.39 
-0.41 
-0.62 
-0.74 
0 
0.22 
/>CPHXA 
_ 
-
1.25 
-
-2.75 
0.17 
-
Table 4—Correlation results of /?M-valucs 
DC Phase 
•qsliv 
iniol 
•utol 
Fihcoc 
fithdet 
Elhsoap 
LeCa 1-1 
Nitbz 
SiCal-1 
SiCa 1-4 
BiCa 2-3 
•Ca3 -7 
• a 4-1 
^ 3 - 2 
• d solutes: 
a 
(LeCa2-l) 
1.34 
1.03 
0.48 
1.21 
-
-
0.16 
-
0.65 
1.14 
0.5 
0.64 
-
-
p-CPHXA, 2,4-DA 
b 
(Pyrid) 
-Q.U 
-1.43 
-0.32 
-
0.31 
-
0.64 
-
0.29 
-
0.25 
0.27 
0.39 
0.32 
prototypical i 
to 
PHXA 
0.95 
_ 
_ 
1.54 
2.77 
0.93 
0.93 
compounds with 7 other herbicides (n : number of phases in correlation) on 8 
19 different phases 
2,4 5-TA 
_ 
1.33 
-
-
2.37 
-
-
R.Squ. 
85.3 
63.6 
54.1 
58.2 
97.3 
95.9 
54.4 
of 5 prototypical DC-phases with 6 solutes ' 
c 
(Chlbz) 
-0.35 
0.22 
_ 
_ 
_ 
-0.207 
-0.05 
0.39 
— 
-0.51 
_ 
-0.21 
0.53 
0.48 
d 
(Chlofm) 
0.51 
-2.83 
-
-
0.27 
-
0.26 
-
-
0.41 
0.44 
0.34 
-
-
, NAXA 2, PHXA, 2,4,5-TA, TCA. 
e 
(Ethol) 
-Q.U 
2.22 
-
-
-
-
0.04 
-
0.07 
-
-0.21 
-
-
-
Std. Dev. 
0.143 
0.327 
0.222 
0.538 
0.141 
0.128 
0.309 
F-Value 
98 
16 
8 
9 
49 
48 
20 
(n) 
19 
10 
8 ' 
8 
7 
18 
18 
with 14 other phases according to Eq. (5) 
R squ 
99.99 
99.99 
89.02 
99.08 
89.01 
86.38 
99.99 
99.55 
99.96 
98.26 
99.98 
99.82 
98.73 
99.68 
Std. dev. 
Q.002 
0.012 
0.106 
0.091 
0.101 
0.119 
0.008 
0.038 
0.017 
0.054 
0.013 
0.032 
0.117 
0.052 
F-Value 
10300 
4200 
16 
540 
16 
32 
3300 
33 
2436 
56 
2600 
283 
155 
618 
ierbicides on other DC phases was examined. Best 
results were achieved with five typical phases and six 
fes-t substances (p-CPHXA, 2,4-DA, NAXA-2, 
• tXA, 2,4,5-TA, TCA) with the following correla-
B i equation, 
I = a p. RM (LeCa 2-1) + b p. RM (Pyrid)+ c p. 
LCh\bz)+dp. RM (Chlofm)+<?p. RM (Ethol) .. (5) 
RPM are RM values of six test substances on 
(P),a e regression constants 
terising DC phase (/;) related to the five typical 
;. Regression results for 6 herbicides on 14 
s are compiled in Table 4. 
h 
A. • of some carboxylic acid herbicides are 
tiven . -^ '<; 1.1 using silica gel G4 as stationary 
fhase ant. ^fferent solvents listed in procedure are 
|sed as mobuo?phases. Tables 1.2 and 1.3 show the 
ffF values of some carboxylic acid herbicides using 14 
different coatings as stationary phase and propanol, 
acetone as mobile phases respectively. The precise 
RM values of these carboxylic acid herbicides are re-
ported in Tables 2.1, 2.2 and 2.3. Tables 3 and 4 show 
the correlation results of RM values of 3 prototypical 
compounds with 7 other herbicides and 5 prototypical 
phases with 6 herbicides and 14 other phases. Multi-
linear regression results of Table 3 with regression 
constants and regression statistics of RM values of 7 
herbicides with 3 selected typical compounds shows a 
unsatisfying correlation. Standard deviation of the 
estimate and F-values point out that no significant 
multilinear relation exists. Results of Table 4 with 
phase specific regression constants of the second cor-
relation experiment show a somewhat more signifi-
cant statistics. Nine phases yield F-values greater than 
100 with overall standard deviation of about 0.1 or 
less. From the data of Table 4 it can be deduced for 
instance that phase (Ethcoc) is similar to phase (LeCa 
2-1) or that phase (SiCa 4-1) is similar to phase (SiCa 
6 INDIAN J CIII'M TlvCMNOl., JANUARY 2000 
3-2). Comparison of the RM values of the test sub-
stances concerned confirms this result. Other sub-
stances however show different RM values on the 
comparable phases. 
Discussion 
The success of TLC in obtaining a desired separa-
tion on a given stationary phase lies to a great extent 
in the selection of a desired mobile phase i.e. the na-
ture of the compounds to be separated (cleaned up) 
dictates the stationary phase to be used perhaps even 
more the selection of the mobile phase. 
Much of the information about (lie selection of an 
optimum mobile phase can be derived from the data 
reported by TLC investigators working by trial and 
error. An appreciable piece of theoretical work on the 
selection of mobile phase has been carried out while 
work on the selection of stationary phase has been 
reported8. 
Chromatographically determined physiochemical 
data must be some function of the chemical structure 
of the three entities involved in intermolecular inter-
actions, i.e., the solute, the stationary phase and the 
mobile phase. Certainly, the conditions under which 
chromatography is carried out are decisive for the 
process, but these are assumed constant for the pres-
ent. Though, it is practically impossible to derive a 
strict, thermodynamically well founded and une-
quivocally verifiable canonical equation relating re-
tention to the three main chromatographic variables, 
i.e., the structure of the solute, the stationary phase 
and the mobile phase. 
Despite the lack of general formula relating reten-
tion to structure, attempts have been undertaken since 
the early 1950s to detect any existing regularities of 
behavior among selected subgroups of solutes chro-
matographed at fixed conditions. Of the three main 
variables mentioned, only solute structure was 
changed, whereas the stationary and mobile phases 
applied in a given chromatographic technique re-
mained constant. 
In this paper an attempt has been made to test the 
existence of some linear relationship between the 
structure and the choosen retention value according to 
the multilinear retention model. The DC-retention 
data were first converted to RM values according to 
the Eq. 3. Rv values of 0 or 1 don't give RM values. 
RM values of some carboxylic acid herbicides were 
arranged in Tables 2.1, 2.2 and 2.3. Multilinear re-
gression results with 3 prototypical compounds (p-
CPHXA, PHXA, 2,4- TA) for 7 herbicides on 8 to 19 
different phases are compiled in Table 3. No better 
correlation could be found for the given data set. Re-
gression results with 5 prototypical phases for 6 her-
bicides on 14 other phases were compiled in Table 4. 
This data set also shows no better correlation results. 
It was concluded that both correlation are not suffa 
ciently significant for reliable results, but it is the firsj 
time that correlation of DC retention data are exel 
cuted according to multilinear retention model. Ex* 
perimental data set of this study proves as small for 
the two correlation experiments. Since a significant 
multilinear relationship could not be found between 
solute and phase data, it must be concluded that each 
DC phase of this study behaves as an individual, 
nonlinear system. 
References 
1 Rathorc H S & Saxcna S K, J Liq Chromalogr, 10 (198H 
3623. 
2 Rathore H S & Saxena S K, Int J Environ Anal Chem, 3 S 
(1988)209. 
3 Rathorc II S & Khan H A, Chromatographia, 23 (1987) 432. 
4 Rathore II S & Ali I, Khan H A, J Planar Chromalogr, 1 
(1988)252. 
5 Rathore H S & Khan H A, J Liq Chromalogr, 11 (1988) 
3171. 
6 Rathore H S, Saxcna S K & Sharma R J, Planar Chroma 
togr, 3(1990)3 251 
7 Snyder L R, Principles of Adsorption Chromatography 
(Marcel Dekkcr, New York), 1968, Chapter 6,135. 
8 Touchstone J C & Dobbins M F, Practice of Thin Lay^ 
Chromatography, 2'"' cd, (J Wiley, New York), 1983, C h ' m 
lcr3, 103. 
9 Kaliszan R, Quantitative Structure-Chromatographic /??^H 
lion Relationships, (J Wiley, New York), 1987, Chaptci^B 
69. 
